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Conservation agriculture has become a very important management strategy around the globe with 
research showing that decreases in soil disturbance tend to improve soil physical properties over time 
and therefore positively influencing, amongst others, soil water storage capacity and water usage by 
crops. In a water scarce country like South Africa, the efficient use of water by crops under rain-fed 
conditions is of absolute importance. Identifying management practices that increase water use 
efficiency (WUE) is necessary to develop management strategies ensuring maximum production from 
seasonal rainfall. A soil water balance is a helpful tool to evaluate the effectiveness of different 
treatments in terms of WUE. The study was a component trial (2013 and 2014) within a long-term 
research programme investigating the effect of soil tillage and crop rotation on soil quality at the 
Tygerhoek Research Farm near Riviersonderend. Three crop rotations: continuous wheat (WWWW), 
wheat / medic-clover / wheat / medic-clover (WMcWMc) and wheat / canola / wheat / lupin (WCWL) 
as well as all sequences of the latter two mentioned rotations (WMcWMc & WCWL) were allocated to 
main plots. The first and last letter in the rotation code refers to the first and last crop planted in the 
sequence, respectively. Two tillage methods, conventional (CT) and no-till (NT) were allocated to sub-
plots and replicated three times. Soil water content (SWC) was recorded in 10 cm increments to a 
depth of 1 m using a capacitive probe (Diviner 2000). SWC was recorded weekly during the growing 
season and monthly during the fallow period. Water balances, cumulative evapotranspiration (ΣET), 
SWC, water use efficiency (WUE) and rainwater use efficiency (RUE) were calculated at the end of the 
2013 and 2014 growing seasons. Soil cores were taken at four depth increments: 0-10, 10-20, 20-30 
and 30-45 cm. Coarse fragments (>2.0 mm), particle size distribution, water stable aggregate 
percentage and water retention capacity were determined. Soil microstructure was determined using 
Dexter's (2004) S-index. Infiltration rate and unsaturated hydraulic conductivity were determined in 
situ during the 2013/4 fallow period, using a minidisk infiltrometer. Bulk density was also measured in 
situ, during the fallow, with a calibrated Troxler surface gamma-neutron gauge. ANOVA and Fisher 
post hoc tests were done to determine statistical significant differences and effects at P < 0.05. 
The main aims of this study were to investigate to what extent different tillage practices and crop 
rotation systems influence selected soil physical properties, the water balance and the resultant water 
use efficiency of wheat and canola, 7-8 years after introduction of the treatment combinations.  
No statistical differences due to tillage, crop rotation or their combined effect were detected in the 
soil physical properties or the water balance and grain yield results. However, there was a definite 
trend for no-tillage performing better in both components of the study. The percentage water stable 
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aggregates were marginally higher under conventional tillage (78.3 %) than no-tillage (76.9 %) and 
decreased with depth despite clay increase with depth. Bulk density increased significantly with depth 
while the no-till soils (1464.9 kg.m-3) averaged higher than the conventional tillage treatments (1440.4 
kg.m-3). The highest bulk densities were recorded in a rotation that was left fallow during the growing 
season, before measurements were taken. No-till had a higher infiltration rate (39.9 mm.h-1) and 
minimally higher unsaturated hydraulic conductivity (4.3 mm.h-1) compared to conventional tillage 
(29.6 mm.h-1 and 4.1 mm.h-1, respectively). Soil water retention also did not differ significantly 
between tillage methods, although water retention at high matrix potentials (-10 kPa i.e. field capacity 
and -50 kPa) were higher in the no-till samples, while water retention was higher in the conventional 
tillage soil samples at all the lower matrix potentials (-200 kPa to -1500 kPa) analysed. Water retention 
significantly decreased with depth. Soil microstructure, quantitatively measured with Dexter's (2004) 
S-index, showed no significant difference between tillage treatments although S-index results were 
higher for the no-till soils. The soil water content and soil water usage (ΣET) were not significantly 
affected by tillage although it was generally lower in the conventional tilled soil. It is concluded that 
higher soil water content leads to higher availability of water for evapotranspiration and thus higher 
water usage. These results also correlated well with the grain yield, WUE and RUE results that were 
on average all higher in the no-till plots. Wheat planted after lupins resulted in the highest grain yield 
(3741.2 kg.ha-1), while the no-till treatment of wheat planted after lupins also gave the highest grain 
yield (3811.3 kg.ha-1) of all treatments. The yield of canola planted after wheat was marginally lower 
in conventional tilled treatments. 
The study found no-tillage had marginally improved soil microstructure and soil physical properties, 
thus promoting higher soil water content in the soil leading to higher water usage and consequently 
to higher grain yields, rainwater and water use efficiencies.   




Bewaringslandbou het om die wêreld heen 'n baie belangrike bestuurs strategie geword met 
navorsing wat toon dat afname in grondversteuring neig om grondfisiese eienskappe te verbeter en 
dus daarom ‘n positiewe effek op, onder andere, die grond se water stoor kapasiteit en water gebruik 
van gewasse het. In 'n water-skaars land soos Suid-Afrika, is die doeltreffende gebruik van water deur 
gewasse onder droëland van kritiese belang. Identifisering van bestuurspraktyke wat die 
waterverbruiksdoeltreffendheid (WUE) verhoog is nodig om praktyke te ontwikkel wat die maksimum 
produksie onder seisoenale reënval verseker. Die grondwater balans is 'n nuttige middel om die 
doeltreffendheid van die verskillende behandelings te evalueer. Die studie was 'n komponent proef 
(2013 en 2014) in 'n langtermyn navorsing program wat die effek van grondbewerking en wisselbou 
op die kwaliteit van grond by die Tygerhoek Navorsingsplaas naby Riviersonderend ondersoek. Drie 
wisselbou stelses: deurlopende koring (WWWW), koring / medic-klawer / koring / medic-klawer 
(WMcWMc) en koring / canola / koring / lupien (WCWL) insluitend alle opeenvolgings van koring / 
canola / koring / lupien (WCWL) was ge-allokeer aan hoof persele. Die eerste en laaste letter in die 
rotasie-kode verwys onderskeidelik na die eerste en laaste gewas geplant in die opeenvolging. Twee 
bewerkingsmetodes, konvensionele bewerking (CT) en geen-bewerking (NT) is toegeken aan sub-
persele en drie keer herhaal. Grondwaterinhoud (SWC) is in 10 cm inkremente gemeet tot op 'n diepte 
van 1 m deur gebruik te maak van ‘n kapasitansie meter (Diviner 2000). Grondwaterinhoud is weekliks 
gemeet tydens die groeiseisoen en maandeliks tydens die braak periode. Waterbalanse, kumulatiewe 
evapotranspirasie (ΣET), grondwaterinhoud, die watervebruiksdoeltreffendheid (WUE) en 
reënwaterverbruiksdoeltreffendheid (RUE) is bereken teen die einde van the2013 en 2014 
groeiseisoene. Grond monsters is geneem by vier diepte inkremente: 0-10, 10-20, 20-30 en 30-45 cm. 
Growwe fragmente (> 2.0 mm), deeltjiegrootte verspreiding, water stabiele aggregaat persentasie en 
waterhouvermoë is bepaal. Grond mikro-struktuur is bepaal met behulp van Dexter (2004) se S-
indeks. Infiltrasietempo en onversadigde hidrouliese geleivermoë is gedurende die 2013/4 braak 
tydperk in situ bepaal met behulp van 'n Mini Disk infiltrometer. Bulkdigtheid is ook in situ gemeet 
gedurende die braak periode met 'n gekalibreerde Troxler oppervlak gamma-neutron meter. ANOVA 
en Fisher se LSD posthoc-toetse is bereken om te bepaal of daar statisties beduidende verskille en 
effekte was by P < 0.05. 
Die belangrikste doelwitte van hierdie studie was om te ondersoek tot watter mate verskillende 
bewerkingspraktyke en wisselboustelsels ‘n effek het op die gekose grondfisiese eienskappe, die 
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water balans en gevolglik ook die watergebruik doeltreffendheid van koring en canola, 7-8 jaar na 
instelling van die bewerking en rotasie kombinasies. 
Geen statistiese verskille as gevolg van bewerking, wisselbou of hul gekombineerde effek is gevind in 
die grond fisiese eienskappe of die water balans en graanopbrengs resultate. Daar was egter 'n 
definitiewe tendens vir geen-bewerking wat beter presteer in beide komponente van die studie. Die 
persentasie water stabiele aggregate was effens hoër onder konvensionele bewerking (78.3%) in 
vergelyking met geen-bewerking (76.9%) en daar was 'n afname met diepte ten spyte van klei 
toename met diepte. Bulkdigtheid het aansienlik toegeneem met diepte, terwyl die geen-bewerking 
(1464.9 kg.m-3) se gemiddeld hoër was as die van konvensionele bewerking (1440.4 kg.m-3). Die 
hoogste bulkdigtheid is gemeet in 'n rotasie wat braak gelaat was gedurende die groeiseisoen voordat 
metings aangeteken is. Geen-bewerking het 'n hoër infiltrasietempo (39.9 mm.h-1) en minimaal hoër 
onversadigde hidrouliese geleivermoë (4.3 mm.h-1) gehad in vergelyking met konvensionele 
bewerking (29.6 mm.h-1 en 4.1 mm.h-1, onderskeidelik ) .Grondwaterretensie het ook nie beduidend 
verskil tussen bewerkingsmetodes nie, hoewel waterretensie by hoë matriks potensiale (-10 kPa-veld 
kapasiteit en -50 kPa) hoër was in die geenbewerking monsters terwyl dit hoër was in die 
konvensionele bewerking se grondmonsters by al die laer matriks potensiale (-200 kPa tot -1500 kPa) 
getoets. Waterretensie het aansienlik afgeneem met diepte. Grond mikro-struktuur, kwantitatief 
gemeet met Dexter (2004) se S-indeks, het geen betekenisvolle verskil tussen bewerking behandelings 
getoon nie, hoewel dit hoër was in die geen-bewerking gronde. Die grondwaterinhoud en 
grondwaterverbruik (ΣET) is nie beduidend beïnvloed deur bewerking nie, hoewel dit oor die 
algemeen laer was in die konvensionele bewerkte behandelings. Daar is tot die gevolgtrekking gekom 
dat 'n hoër grondwaterinhoud lei tot hoër beskikbaarheid van water vir evapotranspirasie en dus hoër 
waterverbruik. Hierdie resultate het ook goed gekorreleer met die graanopbrengs, 
waterverbruiksdoeltreffendheid en reënwaterverbruiksdoeltreffendheid resultate wat op gemiddeld 
altyd hoër was in geen-bewerking behandelings. Koring geplant na lupiene het gelei tot die hoogste 
graanopbrengs (3741.2 kg.ha-1), met die geen-bewerking behandeling van koring geplant na lupiene 
wat die hoogste graanopbrengs (3811.3 kg.ha-1) van alle behandelings gegee het. Canola geplant na 
koring was effens laer onder konvensionele bewerking. 
Die studie het bevind dat geen-bewerking grond mikro-struktuur en fisiese eienskappe marginaal 
verbeter het, wat aanleiding tot ‘n hoër grondwaterinhoud gee. Dit op sy beurt gee weer aanleiding 
tot tot ‘n hoër waterverbruik en gevolglik hoër graanopbrengste, wat verder die reënwater- en 
waterverbruiksdoeltreffendheid bevorder.   
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Chapter One: Introduction 
 
1.1 Background and problem statement 
A long term field experiment, conducted by the Western Cape Department of Agriculture, has been 
running to investigate the effect of different tillage and crop/pasture systems on soil quality at the 
Tygerhoek Research farm near Riviersonderend. Dryland crop production is common practicein large 
parts of the South Western Cape of South Africa, with its Mediterranean climate and highly 
fragmented soils. Due to the lack of scientific work on the water use efficiency and variability in the 
water-storage ability of different cropping and tillage techniques, this study started in 2013. Highly 
variable rainfall patterns, with extremely high summer temperature demanding more innovative 
farming techniques. Water is also progressively becoming a scarcer resource and effective use thereof 
is a must for sustainable food security. The use of conservation tillage techniques and also crop 
rotations are established methods that can contribute towards more effective water usage and higher 
water storage in soils. Water balance studies can evaluate differences in treatments such as these. 
Very few studies done in this area have actually looked at the effect of tillage-induced changes on the 
soil water balance. Differences in the soil physical and hydraulic properties can also afect the storage, 
usage and movement of water in the soil. Soil properties are to a large extent affected or modified by 
tillage practices and, to a lesser degree, also by the crops that grow on these soils. 
Limited information is available for what effect different crop rotations and soil tillage operations have 
on soil physical properties, the soil water dynamics and also crop performance. With high variability 
in rainfall, the soil water content and consequently also the yields vary between seasons and different 
agricultural practices. Therefore it is never quite clear what agricultural practice is best in times of 
inadequate rainfall. Tillage can have a limited effect on crop yield if there is sufficient soil water, 
effective rainfall, and good drainage and also if the soil chemistry is favourable (Gerik & Morrison, 
1984; Maurya, 1986). However, the effect of conservation tillage on grain yield can be beneficial in 
areas that receive inadequate rainfall and insufficient soil water (Unger & Wiese, 1979; Baumhardt et 
al., 1985). 
1.2 Research aims and hypothesises  
The first aim of this study was to investigate the influence of tillage and crop rotation on selected soil 
physical properties that influence the water dynamics in soil, and to what depth this influence is 
evident. The second aim of this study was to determine the extent to which tillage and crop rotations 
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have an effect on the soil water balance and yield of wheat and canola grown in this area. The third 
and last aim of this study was to investigate if the selected soil physical properties that are influenced 
by the different treatments, have any significant effect on the soil water balance and crop yield.  
1.3 Brief chapter overview 
Chapter two, that follows, is an in depth literature review looking at the effect of tillage and crop 
rotation on the soil physical properties and soil water balance. Next is chapter three with a detailed 
description of all material and methods used during the course of this study. Chapter four, five and six 
present and discuss all data gathered in the study. Chapter four consists of all the results for the soil 
properties analysed, chapter five have all the water balances with the soil water content and soil water 
usage results, while chapter six reports all crop performance results i.e. grain yield, water- and 
rainwater use efficiencies. Lastly, chapter seven is a conclusion of all the different components tested 
in the study, followed with some recommendations and a perspective on future research. 
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Chapter Two: Literature review – The 
effect of different tillage practices on 




Cultivation of the soil is nearly as old as civilisation itself, however cultivation in recent centuries has 
become much more intense. Tillage can be seen as any mechanical operation performed on soils with 
a view of developing and maintaining favourable conditions for plant growth. The main objective of 
classical tillage operations are crushing the soil mass, loosening or slightly compacting soils, 
mellowing, mixing, enhancing soil structure, controlling crust, as well as controlling weeds and 
incorporating plant residues, manure and fertilizers (Canarache et al., 2006). 
Concern over soil erosion losses, economics of crop production, and increasing pressure to farm land 
too steep or dry for conventional tillage practices led to the development of reduced tillage and 
residue management systems which conserve crop residues on the soil surface (Chesworth, 2008). 
Prior to the 1960’s these conservation tillage systems generally involved some form of reduced or 
subsurface tillage (McCalla & Army, 1961; Triplett, 1982). The introduction of selective herbicides in 
the 1950’s, however ushered forth the era of weed control without tillage (Chesworth, 2008). 
Increased interest in conservation tillage arises from the advantages these systems offer over 
conventional tillage practices. Advantages include: reduced soil erosion losses and increased use of 
land too steep for farming by conventional tillage; improved timing for planting and harvesting and 
increased potential for double cropping; conservation of soil water through decreased evaporation 
and increased infiltration; increased production per unit area of land; and a reduction in fuel, labour, 
and machinery requirements (Chesworth, 2008). In a silty clay soil, Franzluebbers et al. (1995) 
determined the evolving of CO2 from intensive tillage and cropping, thus also examining water filled 
pore space and water content’s seasonal dynamics and soil depth distribution. They consistently found 
that the soil under conventional tillage dried quicker than under no-tillage, furthermore, yearly 
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averages of water filled pore space was higher for no-tillage at all soil depths due to crop residue 
cover. 
Adoption of conservation tillage management practices is, however, hampered by certain 
disadvantages when compared with conventional tillage systems. These include: cooler soil 
temperatures, which in temperate and cold climates impede germination and early crop growth; 
uncontrolled compaction; increased potential for insect and disease damage to crops resulting from 
residue accumulation at the soil surface; difficulty with application of fertilizer, herbicides, and lime; 
and need for more precise management of soil fertility and weed control in achieving desired yields 
(Chesworth, 2008).  
This literature review will mainly focus on the effects of no-tillage, as conservation tillage, and 
conventional tillage (mainly chisel and moldboard ploughing) on the following soil properties: 
structure, bulk density, compaction, infiltration, hydraulic conductivity, porosity and pore-size 
distribution, soil water retention characteristics, aggregate stability and organic matter content. These 
properties all have an effect on the soil’s ability to conserve sufficient water for plant growth and are 
directly or indirectly influenced by tillage of the soil. The more indirect effect of tillage and crop 
rotation on soil water balances, grain yield and water use efficiency are also reviewed. 
2.2 Texture 
Soil in itself is composed of organic and inorganic material. The inorganic component comprises more 
than 95% by weight of the total solid fraction for most mineral soils and is the product of weathering 
of the parent material resulting in primary and secondary minerals (Lal & Shukla, 2004). The size of 
primary particles range from stones to fine clays, according to the U.S. Department of Agriculture 
(USDA) system for Size Classification of Soil Particles. Physical and chemical weathering over long 
periods of time weathers all particles >2.0 mm in diameter (regarded as coarse fragments) and forms 
smaller soil particles of sand, silt, and clay. The size classes differ for most classifying groups, and the 
one used in this thesis will always refer to the USDA system. The soil particle size distribution affects 
the pore size, total porosity, surface area, water movement and retention, consistency tilth, and 
capacity to shrink and swell, to name but a few properties. Therefore, texture itself is one of the main 
determinants of soil physical and hydraulic properties. Sand, slit, and clay are regarded as the fine 
earth (<2.0 mm in diameter) and subdivided into seven size classes (five sand classes and, one for silt 
and clay respectively). The relative amount of sand, silt, and clay in a sample determines the textural 
class. There are 12 different textural classes for the USDA system and once all the different sand, silt, 
and clay fractions of a sample are known, the texture can be determined from the textural triangle. 
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The effect of the clay type (shrink and swell clays) has a huge effect on the responses of soil hydraulic 
properties to management practices (Horne et al., 1992; McGarry et al., 2000). 
2.2 Structure 
Soil structure is not clearly defined by ine singular definition, but generally refers to the arrangment 
of particles (shape, size and orientation) and the pores between them, or the stability of the particle 
composition toward some disruptive force (such as water, wind or mechanical) (Lal, 2002). Structure 
is a result of soil texture and natural processes of wind, water, and crop development. Structure of 
the soil influences almost all other properties of the soil and thus has a major impact on the soil’s 
quality. The presence of clay in soil will help with the formation of structure, as it serves as a binding 
agent between different soil particles. Organic matter is also a crucial binding agent between soil 
particles. The soil structure governs most soil physical properties and behaviour and relates to 
parameters like hydraulic conductivity, bulk density, compaction, aggregate stability, and water 
retention characteristics of the soil. 
Soil structure from an agronomic point of view can be seen as “good” if it promotes rapid water 
infiltration, adequate drainage of excess water, good aeration, water retention, resistance to erosion, 
and good germination, seedling emergence and rooting of plants (Karlen et al., 1990). “Poor” soil 
structure can cause decreased infiltration, surface crusting, increased runoff and erosion, insufficient 
water or air for plants and poor rooting ability or seedling emergence. 
Soil structure is usually a property that is visually assessed, but for scientific research it is necessary to 
give structure a quantitative value to be able to evaluate if tillage affects it significantly. The soil’s 
micro-structure can be reflected by the pore size distribution of the soil and can be determined by the 
soil’s water retention characteristics. Work done by Dexter (2004) , concluded that the slope, S, at the 
inflection point on the water retention curve is a measure of the soil structure, and can thus be used 
as an index of the soil physical quality as well as a variable for prediction of some soil physical 
properties and aspects of soil behaviour. If S is measured over time it can be used to quantify the soil 
physical degradation. This means that if S is decreasing, degradation is happening, and amelioration 
is occurring if S is increasing (Dexter & Czyz, 2007). Dexter (2004) concluded by considerable practical 
experience and in collaboration with a large volume of research that S = 0.035 is the boundary 
between soils with poor and good soil structural quality. Values above 0.035 is equal to better quality. 
There is no abrupt change in soil properties at this value, however soils with very poor physical 
conditions are clearly correlated with S < 0.020. Therefor Dexter's (2004) S – index is considered as an 
Stellenbosch University  https://scholar.sun.ac.za
4 
 
index of soil physical quality, as S is a measure of soil micro-structure that controls many key soil 
physical properties. 
Abu and Abubakar (2013) found the S – index to be higher in reduced tillage systems on loam soils in 
Nigeria while the same was found by Li et al. (2011) on clay loam soil in Australia. Sinha et al. (2014) 
found a good correlation between S – index and bulk density, organic matter and mean weight 
diameter, but poorer correlation with saturated hydraulic conductivity. The latter authors also found 
a significant relationship between S – index and crop yield and concluded that the S – index has a high 
potential for practical applicability. 
2.3 Bulk density 
Bulk density is defined as the mass (weight) of a unit volume of dry soil (Brady & Weil, 2002), and 
expressed as a ratio (g/cm3 or Mg/m3). Blake & Hartge (1986) defines bulk density as the ratio of the 
mass to the bulk soil, thus all the pore spaces in the sample plus the microscopic volume of the soil 
particles. The difference between particle density (ρs) and bulk density is that the former excludes the 
volume of the pore space and is only concerned with the ratio between mass and volume of the soil’s 
solid particles. It is important to keep in mind that two soils having the same bulk density, can have 
significantly different strengths if one is aggregated and the other not (Horn & Peth, 2012). Bulk 
density and particle density values are used to determine the soil’s total porosity (ft) in the following 
equation: ft = (1 - ρb / ρs) and is given as a fraction. In agriculture and civil engineering, bulk density is 
also a suitable indicator for the degree of compaction of the soil. The normal range of soil bulk density, 
from loose and porous to very dense, is between 1.0 g/cm3 to 1.8 g/cm3, where 1.4 g/cm3 is optimum 
for agricultural purposes (Hazelton & Murphy, 2007). Due to bulk density’s direct relation to porosity, 
it can influence infiltration, hydraulic conductivity and water holding capacity of the soil (Alaoui et al., 
2011). Tillage can in the short term decrease bulk density and increase porosity compared to no-till 
systems (Pierce et al., 1994).  
Studies done on a sandy clay loam over a clay B horizon (south-eastern Australia) showed lower bulk 
densities near the surface after transition to no-till (Logsdon & Cambardella, 2000). Measured effects 
of eight years of tillage showed no changes in bulk density in a loam soil in Canada, however it was 
found that no-tillage for ten years resulted in bulk densities that were even higher than that of 
conventional tillage with a continuous winter wheat cropping (Chang & Lindwall 1989; 1990; 1992). 
Early growing season effects increased bulk density under minimum tillage of a silt loam in Clarksville, 
however no decreased rates in infiltration were observed (Starr 1990). Van Wesenbeeck & Kachanoski 
(1988) examined the soil water content in a tilled silty clay loam and found that the soil water content 
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in the row was nearly always lower than the inter-row soil water content because of the lower bulk 
density in the row positions. The latter two authors also found that there was a significantly higher 
drying rate measured in the rows, thus causing larger soil water content differences between the in-
row and inter-row positions later in the season.  
Thus, it is clear that there are no definite results of tillage effects on the bulk density, but vary in 
response to area, climate, season, and type of tillage equipment (conservation or conventional tillage 
equipment).  
2.4 Soil compaction 
Compaction of a soil can be measured by a penetrometer and gives a value known as the cone index 
(CI) of the soil. These value usually correspond with that of bulk density and are also related to the soil 
structure. Agricultural equipment used for tillage is a major cause of compaction (Hamza & Anderson, 
2005). Topsoil compaction can still be counteracted with tillage, however, subsoil compaction is 
usually irreversible (Batey, 2009). Great caution should be taken to restrict this and to only use heavy 
machinery on fields when the soil tilth allows it. Soil tilth or workability is when tillage cause the 
greatest amount of small aggregates and creates an good seedbed (Dexter, 2004a). Compaction alters 
many soil properties and its adverse effects are generally linked to a reduction in air, water and root 
permeability (Batey, 2009). 
Batey (2009) also stated that at a certain level of compaction, where soil water deficits are small, a 
restriction in root depth can have a negligible effect, but the same level of compaction may have 
severe effects where soil water deficits are large. Therefore the climate and weather are both related, 
albeit indirectly, to compaction. In sloping landscapes topsoil compaction can induce runoff and 
consequently erosion. (Warkentin, 1971) stated that compaction caused by mechanical loading of 
equipment used for management purposes, results in modified pore shapes and pore size distribution 
as well as decreased porosity due to increased bulk density. These changes brought about by 
compaction cause changes in the soil hydraulic conductivity properties and soil water retention, thus 
influencing the volume of water infiltration and soil water available for plants (Shafiq et al., 1994). Hill 
& Sumner (1967) did an experiment to measure soil water retention in soils that were manually 
compacted to the desired bulk densities and concluded that changes caused by compaction on the 
water retention curve were dependant on the soil texture. In a study of tillage effects in a clayey calcic 
subjected to temporary variable soil water content near Barcelona, Spain, no-tillage did not improve 
crop yield because the macro-pores, containing most of the plant available water, were destroyed by 
the natural compaction processes at these plots (Josa & Hereter, 2005). In a no-tillage field, increased 
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penetration resistance and bulk density was found in the first 15 cm of topsoil of the traffic area 
compared to the row area. (Mahboubi et al., 1993). Increased bulk density caused by wheel traffic in 
a ploughed soil was noted by Pierce et al. (1994), however, only a minimal increase in bulk density 
was noted in the no-tillage treatment. 
2.5 Water infiltration rate 
The water infiltration rate of a soil is dependent on initial water content (Schwartz et al., 2010), 
porosity (Sasal et al., 2006) and pore characteristics (Lipiec et al., 2006). The soil stability and texture 
also affect infiltration, as soils that tend to disperse, can block pores and channels, thus inhibiting or 
reducing infiltration (Abid & Lal, 2009). As tillage can change soil bulk density and soil aeration (Czyz, 
2004), it will also influence the infiltration. The accumulation of organic matter in the soil, especially 
the topsoil, will enhance infiltration because of higher microbial activity causing continuous pores 
(Logsdon et al., 1993a), and by reducing runoff (Abid & Lal, 2009). The initial water content of the soil 
will determine when the wetting front reaches the saturated zone, or how quickly it becomes 
saturated, once saturated, infiltration will be the same as the hydraulic conductivity of the soil (Hillel, 
2003). 
In a ten year study on a silt loam in New Zealand, Horne et al. (1992) found the lowest infiltration rates 
under no-tillage in comparison with conventional and minimum tillage. Higher sorptivity was 
measured under no-tillage in duplex soils of south-eastern Australia (Carter & Steed, 1992). Results 
from multiple studies done in Latin American were summarized by Alegre et al. (1991), showing 
reduced infiltration rates for no-tillage compared to conventional tillage. This is in contrast with Azooz 
& Arshad (1996; 2001), who found conventional tillage to have considerably lower infiltration rates 
than no-tillage on silt and sandy loam gray luvisols (north-western Canadian prairies). Infiltration rates 
were compared by Dunn & Phillips (1991) on a silt loam planted with continuous corn, under 
conventional and no-tillage that have been practised for almost two decades before measurements 
were conducted. They used tension and ponded infiltration techniques and found lower infiltration 
rates for no-tillage than conventional tillage at low suctions in 1987. In the next year (1988) infiltration 
rates were higher under no-tillage at all suctions compared to conventional tillage. Thus, this study 
shows how tillage effects on infiltration are dominated by temporal variability from year to year, even 
after nearly two decades with a consistent cropping and tillage system. A strong correlation was found 
between earthworm population and transmitting macro-pores by Chan & Heenan (1993), who 
compared conventional and no-tillage systems with both stubble burning and stubble retention after 
ten years. Silt loams in Oklahoma USA were studied by Dao (1993; 1996) to measure crop residue and 
tillage effects. His results showed ploughed soil had a higher seasonal variability of infiltration, 
Stellenbosch University  https://scholar.sun.ac.za
7 
 
however at similar soil water content, no-tillage soils had significantly higher infiltration rates than 
ploughed soils. Somaratne & Smettem (1993) measured tension infiltration at 20 mm and 40 mm 
suction, on a sandy loam in South Australia, and concluded that different tillage practices do not cause 
sustained differences in hydraulic properties of soil. 
2.6 Hydraulic conductivity  
Hydraulic conductivity (K) is a soil property which describes the rate at which water flows through the 
soil. The overall conductance of soils depend upon the geometric configuration and the number of 
interconnected pores (Lal & Shukla, 2004). Because pores are fluid conduits, their size distribution is 
useful for predicting hydraulic conductivity. Nimmo (2004) states that by analogy to laminar flow in 
tubes as quantified by Poiseuille’s law, the conductance of a single pore can be inferred to be 
proportional to the fourth power of its effective radius and therefor make its hydraulic conductivity 
proportional to the square of its effective radius. From this it is clear that the slightest increase in pore 
radius will have a tremendous effect on the soil hydraulic conductivity. The hydraulic conductivity of 
soils is generally measured by constant- or falling head methods in the laboratory using Darcy’s Law. 
Tension minidisk infiltrometers are used in field studies, or hydraulic conductivity can be calculated 
with empirical functions using other soil properties such as texture, pore-size distribution, and bulk 
density (Dexter, 2004c). 
In a 28 year study on silt loams in Ohio (Mahboubi et al., 1993), no-tillage had a significantly higher 
average hydraulic conductivity compared to moldboard and chisel ploughing. After a long term 
conventional and no-tillage study by Azooz & Arshad (1996), on silt loam and sandy loam gray soils 
(north-western Canadian prairies), they came to the conclusion that significantly greater hydraulic 
conductivity in the no-tillage compared to conventional tillage was a result of long term no-tillage that 
kept soil pore continuity and structure undisturbed. Hydraulic conductivity values derived from 
tension infiltration measurements by Miller et al. (1998) showed quantitative differences between 
conventional and no-tillage, with hydraulic conductivity being lower under no-tillage. A maximum and 
minimum tillage comparison on silt loam in New Zealand showed a reduction in the volume of macro-
pores (radius > 300 µm) subsequently reducing the saturated hydraulic conductivity (Cresswell et al., 
1993). Different suctions of 10 and 40 mm, were used by Murphy et al. (1993) to measure infiltration 
and hydraulic conductivity at different locations in New South Wales’ wheat belt, Australia. No 
persistent differences were found at 40 mm suction between treatments of conventional or no-tillage, 
however greater values were obtained under no-tillage at 10 mm suction and these results support 
similar studies where primary effects of tillage were noted in the macro-pores and their connectivity 
(Murphy et al., 1993). 
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2.7 Porosity and pore size distribution 
Pore space characteristics affect, and are affected by nearly everything that is happening in the soil 
such as movement of water, gas, and other fluids (Sasal et al., 2006), chemical transport and reactions 
(Hillel, 2003), and soil pores serve as a habitat for biota and roots. Soil porosity is generally well defined 
and standardized in terms of measurement techniques. However, pore size is neither clearly defined 
nor how to measure it. Nevertheless it is critical to subjects like aggregation (Lipiec et al., 2007), soil 
matrix (Reynolds et al., 1995), and solute mobility (Martínez et al., 2008). Pore size is also critically 
important in some proposed methods of quantifying the structure of soil and predicting hydraulic 
conductivity (Dexter, 2004b). 
The fraction of the total volume of soil taken up by the pore space is known as the porosity. Being 
simply a fraction of total volume, porosity can range between 0 and 1, but usually falling between 0.3 
and 0.7 for soils (Nimmo, 2004). The porosity of a soil has two components: structural and textural 
porosity (Dexter, 2004b). The textural component is the value of porosity when the arrangement of 
the particles are random, without any cementing of the granular material (Nimmo, 2004). According 
to Nimmo (2004) the structural component is representing the non-random influences, which includes 
the macro-pores and is arithmetically determined by the difference between the textural porosity and 
the total porosity. Generally, pore-size distribution formed by texture is little influenced by the tillage 
(Dexter, 2004b). Structure on the other hand, formed by aggregation (Lipiec et al., 2007), cracks, dead 
root- and wormholes, significantly influences the water retention.  
In the literature, the complexity of structure is given in much more detail compared to porosity, and 
the pore size distribution is a very unique and essential characteristic of soil. Pore size distribution is 
largely influenced by tillage. Consequentlythe plough layer in conventional tilled soils usually has lower 
bulk density, which is associated with higher total porosity compared to no-till (Lipiec et al., 2006). 
These effects usually decrease the amount of large pores and cause an increase in the amount of small 
pores (Nimmo, 2004). Gas and water flow studies (Angulo-Jaramillo et al., 2000; Horn & Smucker, 
2005) and solute transport studies (Bouma & Woesten, 1979) provided evidence that swelling clays 
change pore structure, thus affecting hydraulic properties of the soil. 
In the seventh year of a tillage study on a sandy loam in South Australia, a greater total porosity was 
measured for conventional tillage than no-tillage, prior to seeding. This value in porosity reduced and 
equalled that of no-tillage after harvest. In the north-western Canadian prairies, conventional tillage 
resulted in a significant reduction of micro-pores (radius < 14 µm) in comparison to no-tillage on silt 
loam and sandy loam gray luvisols (Azooz & Arshad, 1996). conducted In a comparative study of 
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conventional and no-tillage in northern British Colombia, Canada, more constant ponded infiltration 
and greater water retention was found under no-tillage despite minor differences in bulk density 
Arshad et al. (1999). These results were linked back to changes in pore size distribution caused by a 
reduced volume of macro-pores and an increased volume of micro-pores. 
2.8 Water Retention Characteristics 
In the literature it can be somewhat confusing to distinguish between soil water retention and soil 
water holding capacity. Both of them are components of soil water retention, although influenced by 
different properties (Hillel, 1998).  
Soil water retention points to the processes and mechanisms that relates to soil water content versus 
its energy status. Therefore two components attribute to soil water retention: 1) the volume of water 
held in the soil, and 2) the potential energy with which the water is held (Gardner et al., 1999). The 
relationship between these two components are known as the soil water characteristic curve or pF-
curve. The water retention characteristic curves differ, and are unique for each soil type. Differences 
are the result of the wide variation in soil particle-size distribution and packing arrangements (Hillel, 
1998). Both the latter influence the soil water retention as they affect the pore-size distribution and 
the amount of certain size pores in every size class (Gardner et al., 1999). The maximum volume of 
water that can be held in a soil is dependent on the soil porosity and the surface area of soil particles, 
whereas the potential energy of soil water is dependent on the size distribution of the connection 
between pores (Gupta & Wang, 2002). The connection between pores can be seen as a small capillary 
tube, where its radius size determines the force necessary to drain the pore. The capillary rise equation 
describes the energy with which water is held in a capillary tube (Hillel, 1998). 
The definition of soil water holding capacity according to the Encyclopedia of Soil Science (Chesworth, 
2008) is as follows: “water holding capacity is the ability of a soil to contain and retain water. It is 
dependent upon the factors which determine hydraulic conductivity and permeability e.g., texture, 
organic matter, porosity, and interconnected pores”. The author also states that coarse textured 
(sandy) soil in general retains small amounts of water, even less than 10% by mass at field capacity. 
Clay soils (more than 40% clay by mass), on the other hand, retain over 40% water by mass. Water 
retention ranges from roughly 3% in sandy soils to about 25% for certain clay soils at permanent 
wilting point (Chesworth, 2008). Pore formation, resulting from the structure of the soil, influences 
water retention. Therefore the amount of water soil can retain, is directly influenced by the degree of 
structure development, because of the latter’s effect on pore space (Sillon et al., 2003). Due to organic 
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matter’s high affinity for water, soil rich in organic matter retains more water compared to the same 
soil with less organic matter (Bescansa et al., 2006).  
A study done by Brandt (1992) found that after 12 years of no-tillage compared to conventional tillage, 
nine out of 36 instances under no-tillage resulted in a higher soil water content and the rest did not 
differ significantly. The latter study also mentioned that weed control was a vital factor in no-tillage. 
Ten years of no-tillage studies on a loam soil in Canada, by Chang & Lindwall (1989; 1990; 1992), 
showed lower water holding capacity in the 30-60 mm depth interval for conventional tilled soils, 
opposed to no apparent effects of tillage below or above this interval. Increased water holding 
capacity was noted in a 28-year study of no-tillage effects in Ohio on silt loam soil (Mahboubi et al., 
1993). Water retention experiments by Azooz & Arshad (2001) also showed higher water retention in 
no-tillage in comparison to conventional tillage. In contrast to these results, Cresswell et al. (1993) 
found that soil water content did not change due to tillage in a New Zealand silt loam. In Oklahoma, 
USA, crop residue and tillage effects were compared in silt loams among three different tillage 
practices (moldboard ploughing, stubble mulch-tillage, and no-tillage). During every growing season 
the highest average soil water content in the top 1.2m recurred under no-tillage, which was in 
accordance with its increased water-holding capacity (Dao, 1996). Zhai et al. (1990) found large 
differences in soil water content between no-tillage (short and long term) and conventional tillage. 
This was attributed to conventional tillage’s secondary tillage in spring causing higher evaporation that 
could last for several weeks, depending on the amount and distribution of rainfall.  
2.9 Aggregate Stability 
Aggregates are the result of structural bound of sand, silt and clay particles. A single aggregate is 
defined as a naturally occurring group, or cluster, of soil solid particles where the forces holding the 
particles together are much stronger than the forces between contiguous aggregates. The properties 
of aggregates namely size distribution, stability, the volume and pore size distribution within and 
between aggregates, portray soil structure (Bronick & Lal, 2005). Six et al. (2004) states that soil 
structure and aggregation should not be used equally, as aggregation represents only one aspect of 
soil structure formation. Soil structure is the result from either the building up of aggregates from 
dispersed materials or from the breaking down of larger coherent masses into more favourable sized 
aggregates. The formation of fine aggregates is extremely important in agriculture as this is optimal 
for crop emergence (Keller et al., 2007). Inorganic components, soil physical processes in the 
environment, roots, soil fauna and micro-organisms are the most prominent factors involved in the 
formation of aggregates (Gardner et al., 1999). Aggregates is generally described in a hierarchical 
order, with smaller groupings of particles forming micro-aggregates and groupings of micro-
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aggregates forming macro-aggregates (Karlen et al., 1990; Hillel, 1998). This is important as pores 
within the aggregates are much smaller and crucial for water retention (Bescansa et al., 2006), 
whereas the pores between aggregates are much larger and necessary for aeration and water flow 
(Lipiec et al., 2006). Thus, it can be concluded that all changes in the soil induced by tillage and 
management will influence this interrelationship of physical, biological, and chemical reactions and 
affect aggregate formation. 
It has been found that differences in the relative stability of micro- and macro-aggregates are generally 
a function of their relative size as well as the liability and position of the organic binding agents within 
the aggregates (Cambardella, 2002). The organic matter that binds micro-aggregates is assumed to be 
more fractious and situated in very small pores that are inaccessible to micro-organisms. Therefore it 
is expected that slower decomposition of soil organic matter (OM) will happen in micro- aggregates 
compared to organic matter associated with macro-aggregates. This phenomena has been reported 
by numerous studies (Elliott, 1986; Gupta & Germida, 1988; Beare et al., 1994; Jastrow et al., 1996). 
Soil organic matter is a fundamental indicator of soil quality as it influences biological activity, serves 
as nutrient reservoir, and impacts soil aggregation (Wienhold et al., 2006; Ryan et al., 2008) 
After ten years, increased bulk density and aggregate size were found under no-tillage compared with 
conventional tillage on a silt loam in New Zealand, subsequently, after the no-till soils had been tilled, 
total porosity declined (Horne et al., 1992). Significantly increased aggregation under no-tillage was 
recordedon silt loam soils in Ohio, from a 28-yearlong study (Mahboubi et al., 1993). A study to 
compare conventional and no-tillage in northern British Colombia, Canada, showed more water stable 
aggregation in the no-tillage treatments (Arshad et al., 1999). Khakural et al. (1992) recorded an 
increase in soil water content after stable clods formed three years after no-tillage and ridge-tillage 
respectively, in a well-drained fine loam and poorly drained soil. This increase in aggregate stability 
occured in association with higher bulk density, however the soil drainage class had an overall effect 
on soil hydraulic properties that masked a lot of the effects caused by tillage. Chan et al. (1994) found 
that seasonal fluctuations in aggregate stability, which were detected in all treatments, were greater 
than the differences noticed between the different tillage and cropping treatments. 
2.10  Water balance and fallowing 
The soil water balance equation, as best described by Hillel (2003):  
(ΔS + ΔV) = (P + I + U) − (R + D + E + Tr)................................................................................................2.1 
Equation 2.1. Water balance equation according to Hillel (2003). 
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ΔS is the change in root-zone soil water storage, ΔV is the amount of water incorporated in vegetative 
biomass, P is precipitation, I is irrigation, U is upward capillary flow into the crops’ root zone, R is 
runoff, D is deep drainage out of the root zone, E and T is direct evaporation from the soil surface and 
transpiration by crops, respectively. All quantities are expressed in terms of volume of water per unit 
land area (equivalent depth units) during the period considered.  
The main use of a water balance is to determine the component of the water balance that is in 
question, usually evapotranspiration, if all others are known. A comprehensive knowledge of the soil 
water balance is necessary to limit unproductive water losses and maximize water gains. Depending 
on the type of water balance model used, it usually regards the total soil profile as the reservoir from 
where evapotranspiration and deep drainage occur, and to which infiltration and upward percolation 
occur (Hillel, 2003). Different components of the water balance can be controlled to a certain extent 
by means of management practices, such as crop rotation and tillage practices (Hoffman, 1990). Water 
use by previous crops can affect the water available for the subsequent crop and thus also crop 
performance, especially in dry years (Bennie et al., 1994). Tillage practices such as conservation (no-
tillage) and conventional tillage also affect the water balance by manipulating certain components 
thereof (Hoffman, 1990). Crop residues reduce runoff and increase infiltration (Palm et al., 2014), thus 
directly influencing the water balance. Cultivation increases the soil surface roughness, but can 
diminish after a rainfall event or subsequent wetting and drying cycles and leads to blocking of 
efficient macro-pores (Messing & Jarvis, 1993) that will decrease infiltration (Cameira et al., 2003; R.C. 
Schwartz et al., 2003) and increase runoff. Evaporation from the soil surface can also be reduced if 
there is enough stubble left on the soil. This positive effect is due to the stubble (standing) reducing 
wind speed and temperature at the soil surface, thus reducing evaporation (Smika & Unger, 1986). 
Less disturbance by no-till also promotes activity of soil fauna that improves the continuity of the soil 
pore network and amount of macro-pores (Friend & Chan, 1995) that leads to higher infiltration 
capacity (Mielke & Wilhelm, 1998). This is not always advantageous as pollutants and chemicals are 
also transported deeper down the soil profile and can pollute groundwater (Hillel, 1998).  
Contradictory findings for the effect of fallowing on soil water content are found in the literature. In 
the semiarid Great Plains of the USA, Farahani et al. (1998) queried the effect of fallowing, because 
only 20% of the total fallow rainfall was stored in the soil profile. In Southern Israel, a year of fallowing 
increased soil water storage (Bonfil et al., 1999). The effect of tillage is also conflicting with regards to 
the literature. Various authors found no differences between conservation and conventional tillage 
with regard to the water stored in the soil (Incerti et al., 1993; Unger, 1994; Pannkuk et al., 1997; 
Tanaka & Anderson, 1997). Farahani et al. (1998) found that even with modern tillage and residue 
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management techniques the efficiency of fallowing remains low. The time span of fallowing has also 
been questioned. A study by López et al. (1996), stated that regardless of conservation or conventional 
tillage, the effect of long fallowing seems to be inefficient with regards to increasing the amount of 
soil water at sowing when compared to continuous cropping. At the end of a long fallow period 
Lampurlanés et al.( 2002) also found no difference in the storage of soil water compared between 
conventional and conservation tillage. The amount of effective rainfall (defined as ≥10 mm.day-1) is 
essential for contributing significantly to soil water storage during fallow, since small rainfall amounts 
are more likely to evaporate quickly without contributing significantly to soil water storage (Moret et 
al., 2006) 
2.11 Grain yield and water use efficiency 
Grain yield is affected by numerous factors and contradicting findings with regard to tillage treatment 
and crop rotation are found in the literature. Grain yield of wheat was significantly influenced by crop 
rotation in a study done by Kelley & Sweeney (2007). Wheat following grain sorghum was lower than 
wheat following maize or soybean during their four year experiment with crop rotation and no-tillage. 
No difference in soil water storage or wheat yield was found in a study done by Unger (1994) on 
different tillage practices. No-till practiced in the Middle East resulted in a significantly better seedling 
survival under those unforgiving temperatures. Klein et al. (2002) attributed this to higher soil water 
content in the top 30 cm of soil. Eck & Jones (1992) concluded that improved soil conditions under no-
tillage did not always result in higher yields. A study done on local soils by Wiese (2013) found that 
that no-tillage improved wheat yield significantly, although there were no significant differences 
caused by crop rotation. Neither crop rotation not no-till caused significant differences in the soil 
water content. Swiegelaar (2014), in another local study at Malmesbury in the Swartland, found that 
neither tillage nor crop rotation significantly affected wheat yield, soil water content or rainwater use 
efficiency. 
2.12 Conclusion  
Comparing no-tillage to conventional tillage, the main findings in literature were increased macro-
pore connectivity, increased infiltration rates and saturated hydraulic conductivities as well as 
conflicting responses in soil bulk density and total soil porosity. These findings support no-till generally 
resulting in increased hydraulic conductivity and infiltration rates. It is evident that formation and 
especially the connectivity of macro-pores have a significant influence on the drainage processes 
compared between conventional and no-till. No-till usually left macro-pores unaffected which is 
regarded as the reason for differences in temporal patterns and magnitude of drainage if compared 
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to conventional tillage. Tillage effects occur usually immediately after tillage, but can diminish rapidly, 
and long term effects are difficult to distinguish from natural or unaccounted management-induced 
reactions (Strudley, et al., 2008). The major reason for differences in results is due to the variety of 
conditions, soil types, climate, spatial locations in fields, rows and sites. 
From literature it is evident that there is no single best method of tillage for all situations worldwide. 
All tillage systems affect the soil physical and hydraulic properties, however it is evident that 
conventional tillage methods have large soil degrading effects and loss of structure is a big concern. 
Results from  studies show that no-till is no definite solution for all cultivation problems, however it is 
clear that less disturbance of the soil and an increase in organic matter and biological activity all 
positively contribute to soil structure and quality. In most cases improvements in these properties 
only became dominant after several years (15 years +), depending on climate. These changes occur in 
the soil, but do not necessarily cause improvement of yield, the factor that concerns farmers most. 
Yield performance can be a major factor for management choice by farmers, however it is imperative 
that they realize their management practices not only have detrimental effects on the soil quality, but 
can also positively contribute to more sustainable land use which can benefit them and nature.  
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Chapter Three: Material and Methods 
 
3.1  Study area 
The experimental site was situated at Tygerhoek experimental farm in Riviersonderend, Western Cape 
(34° 09' 37.7"S 19° 54' 15.4"E). This area of the Western Cape, also referred to as the Rûens, is known 
for its Mediterranean climate and is popular for dryland production of small grains. The elevation of 
this area is 200m to 300m above sea level, and predominantly consists of residual soils derived from 
shale mother material. The Rûens have a highly dissected terrain with a rolling landscape and the 
underlying parent material is residual shale of the Bokkeveld group, with thin layers of gravelly loam 
creep overlying the shale. According to Schloms et al. (1983) these residual soils were formed from in 
situ weathering of residual shale and can be recognized by the preservation of properties from the 
underlying parent material  with a relatively permeable topsoil. Soil forms generally found in the area 
are: Mispah, Glenrosa and Swartland, which are poorly developed soils with a low degree of 
weathering (Schloms et al., 1983). Due to the poor development of these soils they are very shallow 
and characterised by a very high coarse fragment percentage. 
3.1.1 Classification and morphological description of soil  
A full classification of the soil was done according to the South African soil classification system on the 
11th of December 2013 (Soil Classification Working Group, 1991). Classification was done on 15 profile 
pits that were excavated to a depth where the underlying bedrock was reached. A comprehensive 
profile description was done for each of the different soil forms. Different horizons were identified 
together with all morphological properties assessed for each horizon and are attached in Appendix 1. 
A soil map (Figure 3.1) of the different soil forms and families was drawn using the latest ArcGIS (10.3) 
software from Esri Inc. (USA). Different layers were projected over each other in order to draw soil 
boundaries as accurately as possible. Layers included: topography, slope, aspect, and data collected 
from the site. See Figure 3.1 for the detailed soil map.  
Main soil forms assessed on the study site were: Glenrosa, Oakleaf, Tukulu, Swartland and Klapmuts 
(Table 3.1) (Soil Classification Working Group, 1991). 




Figure 3.1.Soil map of the Tygerhoek experimental site, showing the large variation of different soil forms and experimental plots in the red rectangles. 
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The experimental site is sloping from west to south, with an increase in soil depth and clay content 
from top to bottom of this slope. This also has an effect on the water movement through the soil, as 
it was clear from the soil water content data that some of the sites lower down the slope were 
supplemented by water draining from sites higher up. The soil classification provided supporting 
evidence of lateral water movement. Some of the soil profiles lower down had water tables present 
and showed signs of wetness at shallow depths, as well as the presence of E-horizons. 
Table 3.1. Soil forms of Tygerhoek experimental site. 
Soil form Topsoil Subsoil 1 Subsoil 2 
Glenrosa Orthic A Lithocutanic B N/A 
Oakleaf Orthic A Neocutanic B Unspecified  
Tukulu Orthic A Neocutanic B Unspecified material with signs of wetness 
Swartland Orthic A Pedocutanic B Saprolite 
Klapmuts Orthic A E-horizon Pedocutanic B 
 
The majority of the experimental plots used in this study were located on Glenrosa, Oakleaf, Tukulu 
and Swartland soil forms (Figure 3.1). A detailed description of the different soil forms and families 
are attached and can be seen in Appendix 1. The profiles have an A-horizon depth ranging between 
150 to 300 mm and the B-horizon were rarely deeper than 600 mm. The A-horizon is bleached with 
the clay content ranging between 10-25%. The B-horizon has clay contents ranging between 15-45% 
with a yellowish brown hue (10YR) in the dry state, according to the Munsell colour book (Munsell 
Color, 1975). Table 3.2 shows the soil forms according to the World Reference Base (WRB) for soil 
resources (FAO 2006). 
Table 3.2. Soil families found at the experimental site according to the Soil classification system of 
South Africa (Soil Classification Working Group, 1991) and the corresponding name according to the 
World Reference Base soil classification system (IUSS Working Group WRB, 2006). 
Soil Family WRB 
Glenrosa (Gs) 2111 Cambic Leptosol 
Glenrosa (Gs) 2121 Cambic Leptosol 
Glenrosa (Gs) 2211 Lithic Leptosol 
Glenrosa (Gs) 2221 Lithic Leptosol 
Tukulu (Tu) 2220 Rhodic Lixisol 
Swartland (Sw) 2211 Rhodic Lixisol 
Klapmuts (Km) 2210 Rhodic/chromic Lixisol 
Oakleaf (Oa) 2120 Haplic Lixisol 




The average rainfall at the experimental site is about 450 mm per annum with 70% of the total rain 
falling in the autumn/winter/spring months (winter grain growing season) of April to October and the 
rest during the warm summer months. Table 3.3 presents the long-term average rainfall, minimum 
and maximum temperatures during the year. From Table 3.3 can be seen that there is a large drop in 
average temperatures together with an increase in rainfall from May to September, which is the major 
part of the growing season for canola and wheat in this area. Cultivation of grain crops is done after 
the first rains, at the end of April, until October to November when crops are harvested. This period 
during the cold and wet winter months is generally used for cereal production in this region.  
Long-term monthly rainfall data for Tygerhoek Research farm, together with the total monthly rainfall 
during 2012, 2013, and 2014 (up until October) are presented in graphically in Figure 3.2. Rainfall 
during June 2013 and 2014, was much higher than the long-term average while 2013 generally had 
more months with higher than average rainfall than 2014. During the first three months of the fallow 
period of this study (from November 2013 until May 2014), two extreme rainstorms occurred that 
caused monthly rainfall in November 2013 and January 2014 to be extremely high above the long term 
average. Rainfall and climate data for 2013 and 2014 were measured by an automatic weather station 
from the Agricultural Research Council’s Institute for Soil, Climate and Water (ARC-ISCW) 
AgroClimatology Program. 
3.2 Experimental design 
3.2.1 Experimental layout and treatments 
The study was a component trial (2013 and 2014) within a long-term research programme 
investigating the effect of soil tillage and crop rotation on soil quality at the Tygerhoek Research Farm 
near Riviersonderend. The experiment started in 2007 and had been running for seven consecutive 
years. The crops annually planted and used for this study include: wheat (Triticum aestivum), canola 
(Brassica napus), lupins (Dolichos spp.), and medics-clover (Medicago spp.). Wheat and canola are 
used for grain yields while medics-clover and lupins are used for grazing purposes, as sheep farming 
is a large component of farms in this area. However, lupins are also harvested by some farmers and 
planted for its beneficial ability to fix nitrogen fixation in the soil, as a legume crop. Three crop 
sequences in different phases of a four year cycle resulted in seven separate crop rotations that were 
included in this study as follows: 
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1. Continuous wheat: Wheat were planted in a mono cropping system annually and are 
denoted by the following abbreviation:  
  WWWW = wheat – wheat – wheat – wheat  
2. Wheat > Medics-clover > Wheat > Medics-clover: Wheat was planted in the first year 
whereafter medics-clover are planted the next year followed by wheat again in year 
three and medics-clover in year four. Two different sequences were used in this study, 
depending on which crop was planted first. Thus, the abbreviations for the two 
sequences of this rotation are (last letter indicate the crop on field at year specified): 
  WMcWMc = wheat – medics-clover – wheat – medics-clover 
  McWMcW = medics-clover – wheat – medics-clover – wheat 
3. Wheat > Canola > Wheat > Lupins: For example, wheat are planted in the first year, 
followed by canola in year two where after wheat is planted again in year three and 
followed by lupins in year four. Four different sequences of this rotation were used, 
as all sequences was in a different phase during the course of the study. Therefore 
each crop in this rotation were represented every year. Abbreviations follow: 
  WCWL = wheat – canola – wheat –lupins 
  CWLW = canola – wheat – lupins – wheat 
  WLWC = wheat – lupins – wheat – canola 
  LWCW = lupins – wheat – canola – wheat 
 
The above mentioned crop rotation systems were implemented under two separate tillage operations 
(Conventional tillage (CT) and No-tillage (NT)). Each crop rotation and tillage combination served as a 
treatment, thus 14 treatments, with three replicates for each treatment. The three crop rotations 
were: continuous wheat (WWWW), wheat>medic-clover>wheat>medic-clover (WMcWMc) and 
wheat>canola>wheat>lupins (WCWL), including all sequences of WMcWMc and WCWL were 
allocated to main plots. The two tillage methods, conventional (CT) and no-tillage (NT) were allocated 
to sub-plots and replicated three times. A brief summary of the two tillage operations is as follows: 
No-tillage – soil is left undisturbed until planting, then planting is done with a tined planter (no-till 
Ausplow) that results in a maximum of 20% soil disturbance to a depth of 100mm - 150mm in the 
planting row. 
Conventional tillage – soil scarified to a depth of 100mm - 150mm with a tine implement in late March/ 
early April, followed by a disc plough operation to a depth of 150mm - 200mm right before planting 
to control weeds and create an even seedbed, whereafter planting was done with the same no-till 
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planter as described above. Individual plot size was 40m x 7.5m. The experimental layout with three 
replications of each crop sequence and tillage operation are presented in Figure 3.3 A detailed 
summary of the dates when the most important actions were carried out during the 2013 and 2014 
growing seasons are presented in Tables 3.4 and 3.5. 
Table 3.3. Long-term monthly climate data for Tygerhoek Research Farm (Tmax is the maximum 
while Tmin is the minimum long-term temperature of each month). 
Elem Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Rain 25.6 29.0 32.7 50.4 41.9 42.9 45.2 52.4 33.9 38.6 31.6 28.3 
Tmax 29.1 29.6 28.7 24.8 21.6 18.6 17.9 18.4 21.4 24.4 26.4 27.9 
Tmin 15.9 16.4 15.1 12.3 9.4 6.1 5.2 5.7 7.6 10.2 12.4 14.4 
 
 
Figure 3.2.Long term monthly average rainfall data of Tygerhoek Research farm and for the monthly 
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Figure 3.3. The experimental layout showing the three replications of each crop sequence and tillage operation 
96 74 84 93 72 67 60 59
CWLW CWLW WCWL WCWL REP 2
95 87 83 79 71 64 59 68
CWLW McWMcW REP 3 WCWL WCWL
94 92 82 70 63 58 49
CWLW LWCW REP 3 WCWL WCWL
93 77 81 96 69 57 57 50
CWLW LWCW WLWC REP 1 WCWL
92 88 80 73 68 56 69
CWLW LWCW WMcWMc REP 2 WCWL
91 84 79 89 67 62 55 60
LUCERN LWCW WCWL LUCERN
90 91 78 94 66 53 54 52
CWLW LWCW WCWL WCWL
89 85 77 75 65 65 53 71
CWLW WWWW REP 3 WCWL WCWL
88 95 76 76 64 66 52
CWLW LWCW WCWL CWLW REP 2
87 90 75 81 63 51 51 72
CWLW WLWC REP 3 WWWW REP 1 WCWL
86 86 74 62 50
CWLW WMcWMc REP 3 McWMcW REP 2 LWCW REP 1
85 73 80 61 70 49 61
WCWL REP 3 CWLW REP 3 WCWL WCWL
48 30 36 38 24 19 12 12
WMcWMc WLWC CWLW LUCERN
47 43 35 31 23 3 11
WLWC McWMcW WWWW REP 2 WCWL REP 1
46 28 34 37 22 15 10
WLWC WLWC CWLW WMcWMc REP 1
45 45 33 35 21 13 9 23
WLWC WCWL CWLW CWLW
44 34 32 29 20 17 8 21
LWCW WLWC CWLW CWLW
43 27 31 36 19 9 7 1
WWWW LUCERN WLWC REP 2 CWLW
42 41 30 44 18 18 6 20
WLWC WLWC CWLW CWLW
41 26 29 25 17 24 5 5
WLWC WLWC CWLW CWLW
40 47 28 46 16 14 4 22
WLWC WLWC CWLW CWLW
39 39 27 40 15 16 3 8
WLWC WLWC CWLW CWLW
38 32 26 42 14 2 7
CWLW WLWC LWCW REP 2 McWMcW REP 1
37 48 25 33 13 4 1 2
WLWC WLWC CWLW CWLW
Experimental gross unit are 80m x 15m ,with 10m roads. W   - Wheat
Sub-units is 40m x 15m C   - Canola
ROTATION CYCLE IS 4 YEARS-First year was 2007. L   - Lupins
Mc   - Medic
CWLW = CANOLA-WHEAT-LUPINS-WHEAT
McWMcW = MEDIC-WHEAT-MEDIC-WHEAT Conventional Tillage
WMcWMc = WHEAT-MEDIC-WHEAT-MEDIC
WCWL = WHEAT-CANOLA-WHEAT-LUPINS No-Till
LWCW = LUPINS-WHEAT-CANOLA-WHEAT
WLWC = WHEAT-LUPINS-WHEAT-CANOLA
WWWW = WHEAT MONOCULTURE 
*The last letter indicates the crop that was currently (2013) planted on the plot, while the second last letter  
 indicates what crop was planted on the plot the previous season. Eg. CWLW, Wheat was planted in 2013 and
 lupins was planted in 2012 on the same plot. 
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Table 3.4. A detailed summary of all actions carried out on the experimental plots during the 2013 
growing season. 
 







2013-01-25 Spray Quad bike spray 
Conventional and 
no-tillage All Roundup WSG 3.0 kg 
"         2.4 D Amien 1.0 L 
"         Garlon 200 ml 
"         Li700 150 ml 
2013-05-08 Spray Quad bike spray 
Conventional and 
no-tillage All Roundup WSG 1.5 Kg 
" 
 
   Li700 150 ml 
2013-05-09 Plant Ausplough 
Conventional and 
no-tillage Canola Hyola 571 3.0 Kg 
"         2.1.0 (29) 125 Kg 
2013-05-09 Plant Ausplough 
Conventional and 
no-tillage Lupins Mandelup 108 Kg 
" 
 
   Single Supers 140 Kg 
2013-05-09 Plant Ausplough 
Conventional and 
no-tillage Wheat SST 027 70 Kg 
"         2.1.0 (29) 125 Kg 
2013-06-12 Spray Quad bike spray 
Conventional and 
no-tillage Wheat Axial 750 ml 
" 
 
   Stomawet 75 ml 
2013-06-12 Spray Quad bike spray 
Conventional and 
no-tillage Canola Select 1.0 L 
"         Stomawet 75 ml 
2013-06-12 Spray Quad bike spray 
Conventional and 
no-tillage Lupins Select 1.0 L 
" 
 
   Stomawet 75 ml 
2013-07-18 Spray Quad bike spray 
Conventional and 
no-tillage Wheat Harmony M 30 g 
" " " " " MCPA 0.5 L 
" " " " " Buctril DS 0.25 L 
" " " " " Mospilan 50 g 
2013-07-25 Spray Quad bike spray 
Conventional and 
no-tillage Canola Cysure 1.2 L 
" " " " " Imiboost 4.0 L 
2013-07-25 Spray Quad bike spray 
Conventional and 
no-tillage Lupins Roundup turbo 2.0 L 
" " " " " MCPA 0.5 L 
2013-08-02 Spray Quad bike spray 
Conventional and 
no-tillage Wheat Duett 800 ml 
" " " " " Rogor 750 ml 
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Table 3.5.  A detailed summary of all actions carried out on the experimental plots during the 2014 
growing season. 









no-tillage All Glygran 1 Kg 
2014-05-08 Plant Ausplow 
Conventional and 
no-tillage Lupins Purple lupins 105 kg 
" 
 
   Single supers 150 kg 
2014-05-08 Plant Ausplow 
Conventional and 
no-tillage Canola Hyola 571 4.3 kg 
"         2.1.0 (29) 130 kg 
2014-05-08 Plant Ausplow 
Conventional and 
no-tillage Wheat SST 027 90 kg 
" 
 






















no-tillage Wheat Harmony M 30 g 
" 
 
  " MCPA 500 ml 
" 
 



















no-tillage Canola Cysure 1.2 L 





no-tillage Canola Select 750 ml 
" 
 







clover Select 750 ml 





no-tillage Lupins Select 750 ml 
" 
 





no-tillage Wheat Prosaro 400 ml 
"       " Acanto 300 ml 












clover Roundup 360 0.9 L 





no-tillage Lupins Roundup 360 2.0 L 
" 
 
  " Imiboost 2.0 L 
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3.3 Soil sampling and preparation 
On the 27th and 28th of June 2013 a total of 168 soil samples were collected from all the experimental 
plots. Sampling was done by hammering a steel pipe, 5 cm in diameter and marked at particular depth 
increments, vertically into the soil. After the desired depth increment was reached, the pipe was 
pulled from the ground and emptied into marked plastic bags by tapping lightly with a rubber hammer. 
Sampling was done diagonally over the length of the plot. Six samples at four different depth 
increments:  0-100 mm, 100-200 mm, 200-300 mm, and 300-450 mm, were taken at each plot. A 
composite sample size of 4kg per depth per plot were obtained. The samples were left in the air-drying 
room (40 ⁰C) for two weeks to dry out completely. After drying, each sample was weighed and sieved 
through a 2 mm sieve to separate the fine soil and coarse fragments. The coarse fragments were 
weighed and the percentage coarse fragments were calculated. Due to the soft shale fragments, no 
extensive crushing was done on the soil samples as this could break the shale into smaller parts, thus 
incorrectly passing through the 2 mm sieve resulting in a false coarse fragment percentage. The soil 
(< 2.00 mm) fraction was placed in sampling boxes and moved to the laboratory for further soil 
analyses. All soil analyses (chemical, physical and hydraulic) carried out in the laboratory were done 
for each plot and every depth increment (0-100 mm, 100-200 mm, 200-300 mm, & 300-450 mm) 
unless otherwise specified.  
3.4 Soil chemical properties. 
3.4.1 Soil pH in H2O and KCl 
Soil pH was measured in distilled water and 1M KCl. A 1:2.5 soil to distilled water ratio was used for 
pH in H2O, and a similar 1:2.5 soil to solution ratio for measuring pH in 1M KCl (Miller & Curtin, 2006; 
Sonmez et al., 2008). The suspensions were shaken for 30 minutes on a horizontal shaker whereafter 
samples were left for 30 minutes to stabilize before readings were taken. A calibrated Eutech 
Instruments, pH 700 electronic pH meter was used. 
3.4.2 Soil electrical conductivity (EC) 
A 1:2.5 soil to distilled water ratio was used to measure EC (Miller & Curtin, 2006; Sonmez et al., 2008). 
The suspension was shaken for 30 minutes on a horizontal shaker whereafter samples were left for 30 
minutes to stabilize before readings were recorded. Prepared pH an EC samples are shown in Figure 
3.4. A calibrated Jenway, 4510 Conductivity Meter EC meter was used.  




Figure 3.4. Prepared samples for pH and electrical conductivity measurements 
3.5 Soil physical and hydraulic properties 
As mentioned in section 3.3. Soil samples were collected for laboratory analyses of physical and 
hydraulic properties. Bulk density, infiltration rate, and unsaturated hydraulic conductivity were 
however determined in situ during the fallow period in February 2014. There were no crops on the 
plots that could be damaged by the measurements at that stage. Furthermore, the possibility existed 
that differences in these soil properties could be more pronounced after the growing season. 
3.5.1 Particle size distribution and coarse fragment percentage 
The soil texture was determined using the standard pipette method (Figure 3.5) as prescribed by Gee 
and Or (2002). Soil (<2 mm particles) samples of 40 g were used. The samples were treated with 35% 
(v/v) H2O2 solution to remove organic matter (OM) before analysis. The base mass of the sample was 
recorded after removal of organic matter. Dispersal of the sample was done by adding 10 cm3 Calgon 
solution to the dried sample, after removal of organic matter, and by mechanically stirring the mixture 
with a laboratory mixer for eight minutes at high speed. The dispersed sample was then washed over 
a 0.053 mm mesh sieve into a 1 dm3 sedimentation cylinder using distilled water. All clay and silt were 
separated from the sand by a 0.053 mm sieve.  
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The sand fraction remaining on the 0.053 mm sieve was separated into different sand fractions by 
sieving the dried sample through a nest of sieves with mesh diameters: 1, 0.5, 0.25, 0.106, and 0.053 
mm. The weight of each sand fraction was expressed as a percentage of the base mass sample. The 
clay and fine silt in the 1 dm3 cylinder was determined using the sedimentation technique and a Lowey 
pipette according to Stokes’ Law. The coarse silt percentage was calculated after the fine silt and clay 
percentages had been determined. 
 
Figure 3.5. Soil particle analysis was done using the pipette method. The figure shows some of the 200 
texture analysis of this study, in progress, which were done in the soil laboratory. 
3.5.2 Aggregate stability 
Aggregate stability was determined with the wet sieving method as prescribed by Kemper & Rosenau 
(1986), using a wet sieve apparatus of Eijkelkamp Agrisearch Equipment, Netherlands. The wet sieve 
technique is based on the principle that when aggregates are submerged in water all unstable 
aggregates will break down easier compared to stable aggregates when submerged in water, thus 
giving an indication of the soil’s aggregate stability. High amounts of shale and schist fragments smaller 
than 2 mm were present in the soil (samples) due to the shale parent material, see Figure 3.6. Because 
of the high percentage  coarse fragments in the soil and the large amount of samples to be analysed, 
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the method of Kemper and Rosenau (1986) was slightly adapted. The adaption of the method entailed 
using aggregate samples containing both soil and shale/schist fragments due to the difficulty of 
identifying enough aggregates between 1- 2 mm from the soil samples, as required by the standard 
method.  
A trial was carried out using the standard method with aggregate samples in the 1-2 mm range, where 
the shale/schist fragments had not been removed. Different masses of aggregate samples were used 
to determine what amount of sample, containing aggregates and shale/schist fragments, had to be 
used to end up with four grams of aggregates as prescribed by the standard method. The trial results 
indicated that eight grams of soil sample containing aggregates and shale/schist fragments, related to 
±4 grams of aggregates. This correlated well with the average coarse fragment percentage of 56.3% 
of all the soil samples analysed. 
 
Figure 3.6. Four grams of aggregates on left were each handpicked from the sample on the right.The 
picture shows the difficulty of distinguishing between aggregates and shale/schist fragments in the 
soil samples.  
As mentioned in the previous paragraph, results from the trial experiment indicated that eight grams 
of the soil sample containing soil and shale/schist fragments (both <2 mm) could be used. The samples 
were transferred to the allocated 250 µm sieves and placed in pre-weighed metal cups for unstable 
aggregates, to which a small amount of distilled water was added. This step was taken to pre-wet the 
aggregates by means of capillary-rise. After ten minutes the sieves, containing the pre-wetted 
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aggregates, were placed in the wet-sieve apparatus. After submerging the samples, into the unstable 
aggregate metal cups, the apparatus was switched on. The sieves were raised and lowered in the 
distilled water for 3 min ± 5 s at 34 oscillations per minute and a fixed stroke length of 1.3 cm. The 
apparatus stopped automatically after 3 minutes, the sieves were lifted out of the distilled water and 
left to drain all excess water. The metal cups containing the water unstable aggregates were replaced 
with another set of pre-weighed metal cups containing a dispersing agent which is dependent on soil 
pH. For soil pH < 7 a 0.05 M NaOH solution was needed to disperse the water stable aggregates and 
for pH > 7 a Na(PO3)6 solution was used. The metal cups for the water stable aggregates were filled 
with the necessary dispersing solution. After submerging the sieves in the metal cups, the apparatus 
was switched on to run continuously (10-15 minutes) until all stable aggregates disintegrated and only 
shale/schist fragments persisted on the sieves. The sieves were lifted and left to drain whereafter both 
sets of the metal cups, containing the water- unstable and stable aggregates, were placed in the oven 
at 105˚C and left until dry. The percentage of stable aggregates were calculated by dividing the mass 
of the water stable aggregates by the sum of the water-unstable and stable aggregates, multiplied by 
a 100. 
3.5.3 Bulk density  
Bulk density was determined in the fallow period on the 10th, 11th, and 12th of February 2014. A 
calibrated 3411-B Moisture-Density Gauge from Troxler Electronic Laboratories was used according 
to the method described by Rousseva et al. (1988). Due to the nature of these soils that contained a 
very high coarse fragment percentage, it was quite ineffective to collect standard sized clods for bulk 
density measurements, as required for the clod method (Blake & Hartge, 1986) 
A comparative study done by Botha (2013) on similar soils in the Western Cape, showed that using a 
gamma-neutron gauge is a very accurate and an effective method to determine bulk density, 
compared to the clod method. Other advantages of using the gamma-neutron gauge are that 
measurements are taken in situ, depth increments of bulk density are more precise, the measurement 
gives a representative indication of what the bulk density is at the time of measurement and many 
replications in a plot are possible as a reading takes only 2 to 3 minutes. A potential disadvantage of 
using this instrument is that coarse fragments are taken into account and can possibly affect the 
reading. However, as mentioned by Botha (2013), coarse fragments form part of the soil and should 
be taken into account. This point was, however, not the focus of the current study and arguable.  
An access hole (20 mm diameter) of approximately 350 mm in depth, for the source (probe) of the 
transmission gauge, was made where after the source was lowered to the specified depth and the 
bulk density measured. Four replicates with six depth increments: 0-50, 50-100, 100-150, 150-200, 
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200-250, 250-300 mm were measured for each experimental plot. However, operational problems 
occurred after measuring the replicate of the experimental sites. Consequently, for bulk density only 
one replicate out of the three replicates was measured for each tillage and crop rotation treatment.  
3.5.4 Infiltration rate 
Infiltration rate and unsaturated hydraulic conductivity field studies were carried out on the 23rd, 24th, 
and 27th of January 2014. The Mini Disk Infiltrometer from Decagon Devices was used to determine 
both infiltration rate and unsaturated hydraulic conductivity. Measurements were taken in duplicate 
on each experimental plot, thus giving a total of 42 readings for each tillage treatment (NT & CT) and 
12 readings for each crop sequence. The minidisk infiltrometer that was used is shown in Figure 3.7. 
Advantages of this method are that the hydraulic properties of the soil are measured in situ, give a 
good indication of the pore-size distribution and many replicates can be done in-field, therefore 
narrowing the standard error. A large drawback of this method is its sensitivity to coarse and rock 
fragments as the fragments cause large fluctuations in the readings. The soil water content of each 
experimental site was measured before infiltration was determined, using a capacitance probe 
(Diviner 2000 from Sentek Technologies) 
Infiltration rate was determined by setting the tension of the infiltrometer at a constant suction of -5 
mm in order for the water to infiltrate through the macro-pores, as infiltration happens to a large 
extent through the macro-pores of the soil (Hillel, 2003). The top 1-2 cm of the soil was removed with 
a spatula and sieved through a 2 mm mesh sieve onto the measurement site to prepare a flat 
horizontal surface with adequate contact between the soil and the sintered steel base of the 
infiltrometer. Changes in the water volume in the water reservoir of the infiltrometer were recorded 
at one minute intervals as soon as the infiltrometer made soil contact. When all water in the reservoir 
had infiltrated, the infiltrometer was refilled and the same procedure followed as previously 
described. Measurements were done for at least 25 minutes or until a steady state flow was observed 
for more than 10 minutes.  
All infiltrometer readings were converted to infiltration rate values by using the method and 
calculations from Zhang (1997). The software to help do these calculations are supplied with the 
minidisk infiltrometer or can be freely downloaded from Decagon Devices’ website. The reader is 
referred to the minidisk infiltrometer (from Decagon Devices) instruction manual if a more in depth 
description of the equations and calculations is desired. 




Figure 3.7. A Minidisk infiltrometer from Decagon Devices in operation, measuring the infiltration rate 
and unsaturated hydraulic conductivity, in situ in the field. 
3.5.5 Unsaturated Hydraulic conductivity  
Water movement in soil is spatially variable and to determine how water moves through the soil the 
unsaturated hydraulic conductivity was measured. For determining unsaturated hydraulic 
conductivity the inilftrometer was set at a constant suction of -25 mm and the exact same procedure 
was followed as described in the second last paragraph of section 3.5.4. The reason for setting tension 
of the infiltrometer at a constant suction of -25 mm was to mimic water flow through the micro- and 
meso-pores as these pores are largely responsible for water flow in unsaturated conditions (Hillel, 
2003). These infiltrometer readings were also converted to unsaturated hydraulic conductivity values 
using the equations and calculations from Zhang (1997). 
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3.5.6 Water retention measurements 
The water retention data was measured at four depths (0-100, 100-200, 200-300, and 300-450 mm). 
Disturbed soil samples were randomly selected to include all soil forms as well as crop sequence and 
tillage treatments, thus not all 168 samples originally sampled were analyzed. Aluminium rings of 55 
cm3 were glued with Whatman 40 filter paper, at one end of the ring, and filled with 25.0 grams of soil 
from the representative plots and depths to be used for determination of retention data (Figure 3.8). 
The samples were wetted slowly from below by capillary rise to saturation (0 kPa), whereafter the 
samples were weighed, placed back on the pressure plate, and the water retained at various 
pressures: -10, -50, -200, -400, -800, and -1500 kPa were then determined using the pressure plate 
extractor from Soilmoisture Equipment Corporation, USA (Klute, 1986). Two replicate samples were 
measured for each soil depth at each suction. As soon as equilibrium has been reached at the desired 
pressure, the samples were weighed again and the water contents then determined gravimetrically 
by drying the samples at 105˚C for 24 hours and weighing it once again. The height of the soil in each 
ring was measured with a calliper, whereafter the bulk density of each sample was calculated and the 
volumetric water content then determined. Soil textural data (clay, total sand and silt percentages) 
were used with the Saxton and Rawls (2006) method to estimate soil water retention data and 
subsequently drawing soil water retention curves. The measured retention results were then plotted, 
in a 1:1 graph, against the predicted Saxton and Rawls values to determine if the method was suitable 
for predicting soil water retention results for the soils studied.  
 
Figure 3.8. Aluminium rings glued with Whatman filter paper and filled with soil samples were used for 
determination of the soil water retention characteristics and soil structure 
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3.5.7 Structure (S – index) 
Structure is arguably the most important physical property of soil as it is directly linked to all other 
aspects influencing agricultural soils such as infiltration, root growth, degree of compaction, water 
holding capacity and water and nutrient movement through the soil. Dexter's (2004c) S – index has 
been suggested as a good indicator of the soil micro-structure, especially in terms of how the pore 
size distribution correlates with structure. The S – index was compared between conventional and no-
tillage at the four depth increments sampled: 0 – 100; 100 – 200; 200 – 300; and 300 – 450 mm. Soil 
structure was measured by determining the S – index, that have been developed by Dexter (2004b), 
for all the water retention results obtained. The S – index is the slope at the inflection point of the 
water retention curve, this is where the curvature is zero Dexter (2004a). The water retention curve 
must be plotted as the logarithm, to base е, of the water potential (kPa) against the gravimetric water 
content (kg.kg-1). There are two ways to determine the S – index, the one method is by directly reading 
it from the graph or it can be calculated more accurately by using equation 3.1, from Dexter (2004b). 









Equation 3.1. Equation for determination of the S – index (micro-structure) from water retention data 
(Dexter, 2004b). 
Where: θSat water content at saturation (kg.kg-1); θres residual water content (kg.kg-1); n adjustable 
shape factor. The θSat (0 kPa) and θres (-1500 kPa) water contents were measured in the laboratory 
using disturbed soil samples (Sinha et al., 2014) and also predicted with the Saxton and Rawls (2006) 
method using textural data as described previously in section 3.5.6. “Water retention measurements”. 
The n adjustable shape factor was obtained from Dexter (2004) where this parameter has been 
calculated for 12 USDA soil texture classes (Van Genuchten, 1980). The corresponding n value for each 
texture class of every sample was used. The S – index was calculated for both the measured and 
predicted values in order to see if the Saxton and Rawls (2006) method is suitable to use if only textural 
data is available or if water retention data measurements are not possible. The S – index is always 
negative, but for convenience the modulus of S was used in discussions. 
3.6 Soil water content and soil water balance 
Measurements of the soil water content and determination of the soil water balance were done for 
the 2013 and 2014 growing seasons as well as for the 2013-2014 fallow period. The water balance and 
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change in soil water content are important to understand how the different treatments influenced 
the water dynamics in the soil and water usage by the different crops.  
3.6.1 Soil water content 
Access tubes of 1100 mm length, of which 1000 mm was in the soil and the other 100 mm protruding 
above the ground, were installed for each experimental plot (one access tube per plot). Installation 
was done by hammering a steel pipe into the soil until the desired depth of 1000 mm was reached 
(see Figure 3.9), thereafter the steel pipe was pulled from the ground to remove the soil and the access 
tube was installed into the prepared hole. Volumetric soil water contents (θ) were measured in 0.1m 
depth increments (0-1.0 m) using a calibrated capacitive probe (Diviner 2000, Sentek Sensor 
Technologies Inc, Stepney, Australia). The capacitive probe was calibrated (y = a0.2746x + 0.3314) on 
a volumetric basis for this highly fragmented soil and had an R2=0.93. The soil water content (SWC) 
reported in this thesis refers to the volumetric water content (mm3.m-3) of the total soil profile or 
entire depth measured. Measurements were taken on a weekly basis for two seasons, from 31 May 
2013 to 13 November 2013, and 22 May 2014 to 31 October 2014. During the fallow period from 26 
November 2013 to 24 March 2014, measurements were taken once a month.  
3.6.2 Soil water balance 
Soil water content and rainfall were measured over the duration of the growing season and fitted to 
the soil water balance equation of Hillel (2003). If there was a gain in SWC, it was regarded as a 
negative value in order for the soil water balance to work correctly. Runoff was not measured and 
thus regarded as negligible. Deep drainage and upward percolation were monitored using the 
volumetric water content data. Deep drainage could not be detected and thus also regarded as 
negligible. Upward capillary flow was visible in the volumetric water content data and calculated with 
a function in Microsoft Excel 2013. The function was based on the following assumption: If the 
absolute value of change (increase) in soil water content (increase in SWC was a negative) was less 
than the precipitation (P) during the same period, there was no upward capillary flow; if the absolute 
value of change in SWC (ΔS) was more than the precipitation, then upward percolation is equal to the 
absolute value of ΔS minus the amount of rainfall, during the same time span. The logic behind this 
reasoning was as follows: If the change (increase in this case) in soil water content was more than the 
amount of rainfall, then the excess water must have come from somewhere else, thus from upward 
capillary flow. Because evapotranspiration (ET) was not directly determined by measurements, but 
calculated from the soil water balance, it was not possible to determine the exact amount of 
evapotranspiration that occurred during periods of upward capillary flow. Therefore when upward 
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capillary flow occurred, evapotranspiration was regarded as zero in order to solve the water balance 
equation. After determination of upward capillary flow, the soil water balance was rearrangedas 
follows to calculate the cumulative evapotranspiration (2013 and 2014 growing seasons) or 
evaporation (E) during fallow:. 
𝐸𝑇 =  𝛥𝑆 + (𝑃 +  𝑈)                                                                                                                                                     3.2 
Equation 3.2 Water balance equation used according to Hillel (2003). 
Thus, evapotranspiration (ET) are equal to the sum of change in soil water content (ΔS), precipitation 
(P) and upward capillary flow (U). The calculations are explained with the help of the the following 
three examples and the values in Table 3.6:  
1. Between 26 – 07 – 2013 and 02 – 08 – 2013 the change in SWC (decrease in SWC) was 25.6 
mm and precipitation during that period was 7.8 mm. According to the formula for U, the 
upward capillary flow was 0.0 mm (as there was a loss in SWC and the amount lost was more 
than precipitation). ET (or E) was equal to the sum of ΔS, P, and U which is 33.5 mm in this 
case. Thus, all water precipitated and water lost from the soil profile was lost by 
evapotranspiration.  
2. Between 02 – 08 – 2013 and 09 – 08 – 2013 the change in SWC (increase in SWC) was 18.3 
mm and precipitation was 27.7 mm. According to the formula for U, the upward capillary flow 
was 0.0 mm (as increase in SWC was less than precipitation, thus no increase in SWC by means 
of upward capillary flow. ET (or E) are equal to the sum of ΔS, P, and U which is 9.3 mm. This 
states that the difference between the amount of precipitation and the amount gained in SWC 
was equal to the amount of water lost by evapotranspiration, as it was assumed that all water 
precipitated infiltrated into the soil and no run-off occurred. 
3. Between 09 – 08 – 2013 and 16 – 08 – 2013 the change in SWC (increase in SWC) was 158.3 
mm and precipitation was 64.8 mm. According to the formula for U, the upward capillary flow 
was 93.5 mm (as the gain in SWC was more than the amount of precipitation and therefore U 
equals the difference between ΔS and P). ET (or E) are the sum of ΔS, P, and U which was equal 
to 0.0 mm, which is impossible. Although, in this study it was not possible to determine the 
exact amount of ET because it was calculated from the water balance equation and not 
measured. This means that more water was contributed to the soil profile that could have 
been evapotransporated during this period and ET were regarded as 0.0 mm in order for the 
soil water balance equation to solve.  
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Table 3.6. Example of the soil water balance used in the field experiment at the Tygerhoek Research 
farm at three different dates. 
SWC: Soil water content, ∆S: change in SWC, P: precipitation, U: upward capillary flow, E: evaporation, ET: evapotranspiration 
 
Figure 3.9. Technique used for installation of access tubes for soil water content measurements and 
soil sampling at the experimental plots. 
3.7 Grain yield and water use efficiency 
3.7.1 Grain yield 
A small plot harvester was used for harvesting of all grains. The grain yield was determined by the 
following equation: Grain yield = 10 000 m2 / (area of sampling plot) * (kg of wheat harvested from 
sampling plot). Results are given in kg.ha-1. 
Date 2013-07-26 2013-08-02 2013-08-09 2013-08-16 
SWC 121.6 96.0 114.3 272.6 
∆S  25.6 -18.3 -158.3 
P  7.8 27.7 64.8 
U  0.0 0.0 93.5 
ET or E  33.5 9.3 0.0 
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3.7.2 Water use efficiency (WUE) 
The water use efficiency (kg.ha-1.mm-1) for both 2013 and 2014 seasons was calculated by dividing the 
total grain yield (kg.ha-1) by the total cumulative evapotranspiration (mm) at the end of the 
corresponding season. This was done for each of the rotations with wheat and canola.  
3.7.3 Rainwater use efficiency (RUE) 
The rainwater use efficiency was also calculated for both 2013 and 2014. This was done to see if there 
was any difference between WUE and RUE for the different treatments. The RUE (kg.ha-1.mm-1) was 
calculated by dividing the total grain yield (kg.ha-1) by the total rainfall (mm) during the growing 
season.  
3.8 Statistics 
Statistical analyses were done using the latest software package of STATISTICA (12.1) from StatSoft 
Inc. Significant differences were distinguished at the P ≤ 0.05 level. In measurements where depth and 
time were relevant, i.e. where more than one measurement were taken per plot, a mixed model 
repeated measures ANOVA was done with tillage, crop sequence, depth and time as fixed effects and 
the different plots as random effects. For analyses where there were no repeated measures, a factorial 
ANOVA was used. Post hoc tests were done using Fisher Least Significant Difference (LSD). 
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This chapter consists of all soil chemical and physical results obtained throughout this study. Results 
of chemical properties are first presented, followed by the results of the physical and hydraulic 
properties. All results are first presented and described in terms of statistical effects and differences, 
whereafter (if appropriate) the results are discussed with regard to relevant literature.Each section 
ends with a short conclusion. 
4.2 Chemical properties 
The chemical properties that were analysed, were soil pH (H2O and KCl) and electrical conductivity 
(EC). 
4.2.1 Soil pH H2O and potassium chloride (KCl) 
The pH (H2O) increased significantly with depth (p < 0.05) on both treatments (Fifure 4.1). Conversely 
no significant effect were found as a result of tillage (p = 0.428), crop rotation (p = 0.887) or the 
combined effect of all the latter mentioned effects. Results of pH (H2O) did also not show any significant 
(p < 0.05) differences between crop rotations (not reported here). A pH (H2O) mean of 6.29 was 
recorded for no-tillage and a pH (H2O) of 6.21 for conventional tillage. There was no real difference in 
pH (H2O) between the 0-100 mm and 100-200 mm depth increments. Both the latter two depth 
increments however differed significantly (p < 0.05) from the 200-300 mm and 300-450 mm depths. 
The same trend as observed in both tillage treatments, with pH (H2O) in no-tillage being slightly higher 
than conventional tillage in the 200-300 mm and 300-450 mm depths.  




Figure 4.1. Change of pH (H2O) with depth in both conventional and no-tillage treatments. 
Note: Error bars represent standard deviation, and alphabetic letters denote statistical differences between 
treatments. Similar letters indicate lack of significant differences.  
The pH (KCl) differed significantly with depth (p < 0.05) (Figure 4.2), conversely no significant pH effects 
were found as a result of tillage (p = 0.212), crop rotation (p = 0.980) or the combined effect of all 
these mentioned effects, similar to the results found with pH in distilled water. A pH (KCl) mean of 5.39 
was recorded for no-tillage and 5.28 for conventional tillage. In both tillage treatments, the pH (KCl) 
significantly decreased (p = 0.002) from the 0-100 mm depth increment to 100-200 mm depth, there 
after the pH increased significantly (p = 0.028) from the 100-200 mm depth increment to the 200-300 
mm depth increment, however the pH (KCl) at the 200-300 mm depth did not differ significantly from 
the pH (KCl) in the 0-100 mm depth increment. From the 200-300 mm to 300-450 mm depth, the pH 
significantly increased (p < 0.05) further. The same trend was observed in the two tillage treatments 
with no-tillage being minimally higher than conventional tillage at every depth increment. 


























Tillage vs depth (p= 0.272)




Figure 4.2. Change in pH (KCl) with depth in both conventional and no-tillage treatments  
Note: Error bars represent standard deviation, and alphabetic letters denote statistical differences between 
treatments. Similar letters indicate lack of significant differences. Main effect: Tillage vs depth (p = 0.568) 
4.2.2 Electrical conductivity (EC) 
The electrical conductivity was measured in µS.cm-1 and the average results for different tillage 
treatments over depth are presented in Figure 4.3. EC varied significantly with depth (p < 0.05) and 
the combined effect of tillage and depth was also significant (p < 0.05). The combined effects of the 
rest of the variables (depth, tillage, and rotation) had no significant effects on the EC. The 0-100 mm 
depth, under no-tillage, differed significantly (p < 0.05) from all the other depth increments regardless 
of tillage treatment. EC in the 100-200 mm depth, under no-tillage (EC = 225.64 µS.cm-1), differed 
significantly (p < 0.05) from all the other depth increments under no-tillage, but it did not differ (p < 
0.05) from any of the four depth increments under conventional tillage. In the no-tillage treatment 
there were no significant (p < 0.05) difference between the 200-300 mm and 300-450 mm depth 
increments.  
Conventional tillage significantly (p < 0.05) differed between the 0-100 mm depth (256.83 µS.cm-1) 
and the other three depth increments, while the three bottom increments did not differ significantly 
(p < 0.05) from each other. In conclusion there was a significant decrease in EC from the top (0-100 



























Tillage vs depth (p= 0.568)
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The higher EC in the top 100 mm of both tillage treatments can be linked to the fertilizer applications 
which increased the salt concentration in the topsoil. The EC in the no-tillage treatment being higher, 
compared to the conventional tillage treatment, could be the result of mixing of the topsoil caused by 
tillage in the latter treatment over the years. Conventional tillage diluted the fertilizer and 
consequently the salt concentration by mixing the soil, thus lowering the EC in the topsoil compared 
to no-tillage where there was no extra tillage operations. The highest EC values in these soils are still 
far below the threshold values, proposed by the Fertilizer Handbook of South Africa, where growth of 
sensitive crops is hindered by the salt concentration (200 – 400 mS. m-1) in the soil. 
 
Figure 4.3. Change in electrical conductivity (mS. m-1) with depth in both conventional and no-tillage  
Note: Error bars represent standard deviation, and alphabetic letters denote statistical differences between 








































Tillage vs depth (p= 0.001)
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4.3 Physical and hydraulic properties 
The soil physical properties analysed were: particle size distribution, coarse fragment percentage, 
aggregate stability, bulk density, infiltration rate, unsaturated hydraulic conductivity, water retention 
and Dexter's (2004) S-index (micro-structure). The selected physical and hydraulic properties were 
used to determine how these properties was influenced by different crop rotation and tillage 
practices. The majority of these properties were also used to describe the physical quality of the soil 
and indirectly they also had an influence on the soil water balance. 
4.3.1 Particle size distribution 
The results, of the texture analysis with the pipette method, clearly showed that the effect of tillage 
and/or crop rotation insignificant. Therefore results compared between crop rotations are not shown 
or discussed. Average results for the particle size distribution are presented in Table 4.1. 
Coarse fragments - The mean coarse fragment percentage for all treatments under conventional 
tillage was 56.7% compared to the mean of 56.0% for all treatments under no-tillage. Crop rotation (p 
= 0.707) and tillage (p = 0.829) had no significant effect on the coarse fragment percentage in the soil, 
but there were significant differences (p < 0.05) among depth increments. The combined effects of 
tillage vs. rotation (p = 0.755), tillage vs. depth (p = 0.262), rotation vs. depth (p = 0.737), tillage vs 
rotation vs. depth (p = 0.787) had no significant effect on the distribution of coarse fragments.  
The results show that there was a definite increase in coarse fragment percentage with depth. In both 
conventional (p = 0.034) and no-tillage (p = 0.001) treatments, there were a significant increase from 
the 0-100 mm to the 100-200 mm depth increment. Under conventional tillage there was a further 
significant increase (p = 0.043) from 100-200 mm to 200-300 mm whereafter the coarse fragment 
percentage remained the same with depth. A possible reason for the increase in coarse fragments 
below 200 mm in the conventional tillage treatment, while being fairly constant deeper down in the 
no-tillage treatment, can be linked to the use of a disc plough. This process can be explained by the 
disc plough translocating some of the coarse fragments in the top soil to a position deeper down in 
the soil profile. The tine used in the no-tillage planter only worked to a depth of about 200 mm, and 
therefore there was a slight increase from the 0 – 100 mm depth to the 100 -200 mm depth. The tine 
can break up and consequently also increase the amount of coarse fragments to the depth at which it 
works, but will probably only displace the coarse fragments sideways and upwards but not deepre 
down when moving through the soil. 
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Very coarse sand - Conventional tillage (10.7%) had one percent more very coarse sand in comparison 
with no-tillage (9.6%). There were no significant effect from tillage (p = 0.252) or crop rotation                 
(p = 0.426), neither did the combined effects of tillage vs. rotation (p = 0.793), crop rotation vs. depth 
(p = 0.473), or tillage vs. crop rotation vs. depth (p = 0.863) had any significant effect on the very coarse 
sand percentage. There was a definite trend caused by tillage vs. depth (p = 0.076) and an increase in 
very coarse sand with depth in the conventional tilled plots. In the no-tillage treatment, very coarse 
sand increased with depth up to 300 mm from where it remained constant. 
The conventional tillage treatment’s results showed significant increases in very coarse sand from the 
0-100 mm to 100-200 mm depth and from 100-200 mm to 200-300 mm. The 300-450 mm depth 
increment under conventional tillage differed significantly (p < 0.05) from all other tillage and depth 
increments. This result is attributed to the same reason as previously explained under coarse 
fragments. 
Coarse sand - The mean coarse sand percentage for conventional tillage was 7.6% and 6.4% for no-
tillage. Coarse sand differed significantly over depth (p = 0.004), while crop rotation, tillage and the 
separate or combined effects of all three variables (depth, tillage, and rotation) showed no significant 
effects. 
Medium sand - A mean percentage of 5.5% under no-tillage and 5.7% under conventional tillage was 
recorded for medium sand fraction. Medium sand differed significantly over depth (p = 0.002), while 
crop rotation, tillage and the separate or combined effects of all three variables (depth, tillage, and 
rotation) showed no significant differences or effects. The lower medium sand percentage below 200 
mm irrespective of tillage treatment, is due to the natural distribution in the soil 
Fine sand - A mean percentage of 7.0% for both no-tillage and conventional tillage was recorded in 
the fine sand fraction. Fine sand differed significantly over depth (p < 0.05), while crop rotation, tillage 
and the separate or combined effects of all three variables (depth, tillage, and rotation) showed no 
significant effect. 
Very fine sand – These results were to a large extent the same as results for fine sand. The average 
percentage very fine sand under conventional tillage was 7.3%, virtually the same as the 7.1% of no-
tillage. Very fine sand differed significantly over depth (p < 0.0.05), while crop rotation, tillage and the 
separate or combined effects of all three variables showed no significant effect.  
Fine silt - No-tillage had a fine silt percentage of 22.1% while conventional tillage had a mean of 21.5%. 
There were no significant differences observed as a result of the separate variables (depth, tillage, and 
rotation) or due to their combined effects. The effect of depth was also not significant on fine silt.  
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Coarse silt Fine silt Clay 
    >2.0 mm 1.0–2.0 mm 0.5–1.0 mm 0.25–0.5 mm 0.106–0.25 mm 0.053-0.106 mm 0.02-0.053 mm  0.002-0.02 mm <0.002 mm 
0 - 100 
CT 49.5d 8.6c 6.6 5.8acb 8.5a 8.6a 16.4ac 22.0a 22.9bd 
NT 51.1cd 8.4c 5.9 5.6acb 8.4ab 8.3a 17.1ab 23.6a 22.9cd 
Average 50.3 8.5 6.2 5.7 8.5 8.5 16.8 22.8 22.9 
100 - 200 
CT 56.9cb 9.4c 7.4 6.0ab 7.9cb 8.4a 17.5a 20.6a 22.6bd 
NT 57.1ab 9.3bc 6.6 5.9ac 7.9abd 8.2a 17.4ab 20.8a 23.3cd 
Average 57 9.4 7.0 6.0 7.9 8.3 17.5 20.7 23.0 
200 - 300 
CT 60.7a 11.5b 7.7 5.4cd 6.7edf 6.7b 16.2ac 21.4a 24.6acb 
NT 57.2ab 10.5bc 6.4 5.3bd 6.6cfg 6.6b 15.6ac 22.2a 25.5acb 
Average 59 11.0 7.0 5.4 6.6 6.7 15.9 21.8 25.1 
300 - 450 
CT 59.5ab 13.2a 8.6 5.3cd 5.3gh 5.4c 14.0cb 21.8a 28.3ac 
NT 58.4ab 10.2bc 6.6 5.3bd 5.3eh 5.3c 13.8c 22.0a 30.0ab 
Average 58.9 11.7 7.6 5.3 5.3 5.4 13.9 21.9 29.1 
CT Average 56.7a 10.7a 7.6 5.6a 7.1a 7.3a 16.0a 21.4a 24.6a 
NT Average 56.0a 9.6a 6.4 5.5a 7.1a 7.1a 16.0a 22.2a 25.4a 
Total average 56.3 10.2 7.0 5.6 7.1 7.2 16.0 21.8 25.0 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of significant differences. 
*Statistical analysis not performed due to lack of replicates. 
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Coarse silt - The mean coarse silt percentage was the same for conventional and no-tillage at 16.0%. 
Coarse silt differed significantly over depth (p < 0.05), while crop rotation, tillage and the separate or 
combined effects of all three these variables showed no significant effect.  
Clay – The clay percentage varied minimally between tillage treatments. No-tillage had a mean of 
25.4% and conventional tillage averaged 24.6%. The main effect was observed with depth as variable 
(p < 0.05) while crop rotation, tillage and the separate or combined effects of all three variables 
showed no significant effect. No significant difference (p < 0.05) between the top three (0-100 mm, 
100-200 mm, and 200-300 mm) increments was found and there is an increase in clay content from 
the top to the bottom of the soil profiles.  
It does seem that tillage had a more pronounced effect on the larger fractions (coarse fragments and 
very coarse sand) compared to all other size fractions. The only explanation for this is differences in 
soil types between the tillage treatments. Silt percentagedecreased with depth. Clay 
percentageincreased with depth.  
In conclusion, no difference in particle size distribution between conventional and no-tillage was 
found at any of the depth increments analysed, except at the 300 to 450 mm depth increment in the 
very coarse sand fraction. This difference between tillage treatments at the 300 to 450 mm depth 
increment is also attributed to the use of a disc plough, as was explained under coarse fragments. 
Thus, no significant effect of tillage on the soil particle density was found while there were mainly 
significant differences over depth. Most importantly, particle size distribution confirmed that the soil 
used for the tillage trial was texturally suitably unifrom to allow a rliable study. 
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4.3.2 Aggregate stability 
Aggregate stability was analysed at four depth increments for all tillage and crop rotation treatments. 
The average results obtained are presented in Table 4.2. Depth had a significant (p < 0.05) effect on 
the aggregate stability, as there was a decrease in the percentage water stable aggregates with an 
increase in soil depth in both tillage treatments. No-tillage and conventional tillage at the 0-100 mm 
both differed significantly (p < 0.05) from all the other depth increments, regardless of tillage 
operation. In fact the percentage water stable aggregates were the same for conventional and no-till 
at all depths except when the conventional tillage 100-200 mm depth increment were compared to 
the 300-450 mm depth under no-tillage. No-tillage (76.9%) resulted in a lower mean percentage water 
stable aggregates than conventional tillage (78.3%), although there were no statistical difference (p = 
0.280) between conventional- and no-tillage. 
Tillage and crop rotation (p = 0.227) had no significant effect on aggregate stability, while there was a 
trend for the WMcWMc rotation to have the lowest percentage water stable aggregates. Tillage vs. 
rotation (p = 0.168), tillage vs. depth (p = 0.912), rotation vs. depth (p = 0.998), and tillage vs. rotation 
vs. depth (p = 0.998) had no significant effect on the percentage water stable aggregates and no trend 
was observed as possibly caused by these latter mentioned effects. 
The NT – LWCW rotation had the highest percentage water stable aggregates (82.5%) followed by      
CT – WWWW (81.6%) and NT – CWLW (80.5%) (Table 4.3). The lowest percentage water stable 
aggregates was recorded under rotation McWMcW (73.5%) followed by rotation WMcWMc (73.6%) 
and rotation WCWL (73.9%) all under no-tillage. NT – McWMcW differed significantly from NT – LWCW 
(p = 0.017) and CT – WWWW (p = 0.031). Rotations WMcWMc (p = 0.033) and WCWL (p = 0.040) under 
no-tillageage differed significantly from CT – WWWW. Rotation LWCW under no-tillage also differed 
significantly from NT – WMcWMc (p = 0.018) and NT – WCWL (p = 0.022) as well as from CT – 
WMcWMc (p = 0.023). 
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Table 4.2. Average percentage water stable aggregates for each tillage and crop rotation treatment 
at the four depth increments. 
Percentage water stable aggregates 






WWWW 85.3 83.5 84.4 
WMcWMc 80.5 81.1 80.8 
McWMcW 85.6 82.5 84.1 
WCWL 86.5 80.8 83.7 
CWLW 83.1 86.8 85.0 
WLWC 83.4 86.2 84.8 
LWCW 86.9 88.3 87.6 
Tillage Average 84.5a 84.2a   








WWWW 79.2 74.5 76.8 
WMcWMc 76.6 75.3 75.9 
McWMcW 82.5 70.1 76.3 
WCWL 77.6 73.1 75.3 
CWLW 77.9 82.2 80.0 
WLWC 78.8 76.1 77.4 
LWCW 77.2 83.1 80.2 
Tillage Average 78.5b 76.3bc 
 








WWWW 82.1 72.5 77.3 
WMcWMc 69.4 73.9 71.6 
McWMcW 78.2 69.4 73.8 
WCWL 74.1 71.1 72.6 
CWLW 74.1 81.0 77.6 
WLWC 80.1 78.3 79.2 
LWCW 75.8 82.5 79.2 
Tillage Average 76.3bc 75.5bc   








WWWW 79.8 75.3 77.5 
WMcWMc 69.3 64.2 66.8 
McWMcW 74.6 72.1 73.4 
WCWL 74.5 70.8 72.7 
CWLW 70.2 72.0 71.1 
WLWC 79.5 69.4 74.4 
LWCW 70.4 76.2 73.3 
Tillage Average 74.0bc 71.4c 
 
Depth Average 72.7 
 Tillage Total Average 78.3 76.9   
Total Average 77.6 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 




Table 4.3. Average percentage water stable aggregates for each tillage and crop rotation treatment. 
Percentage water stable aggregates 
Sequence CT NT  Rotation average 
WWWW 81.6a 76.4 ab 79.0 
WMcWMc 74.0 b 73.6 b 73.8 
McWMcW 80.3 ab 73.5 b 76.9 
WCWL 78.2 ab 73.9 b 76.1 
CWLW 76.3 ab 80.5 ab 78.4 
WLWC 80.4 ab 77.5 ab 78.9 
LWCW 77.6 ab 82.5 b 80.1 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
The most literature cited, found no-tillage to cause substantial increases in aggregate stability 
compared to conventional tillage (Khakural et al., 1992; Mahboubi et al., 1993; Arshad et al., 1999). In 
contrast, results from this study found no significant differences between tillage or crop rotation 
treatments. The percentage water stable aggregates measured in this study was very high (CT = 78.3% 
and NT = 76.9%) in comparison to the percentages from local studies done on similar soils by Smith 
(2014). His values ranged between 39% and 50% in cultivated soils, while Botha (2013) recorded values 
between 10.6% for conventional tillage and 78.4% in no-tillage. In contrast to the current study, Botha 
(2013) found significant differences between conventional and no-tillage treatments in the 0-100 mm 
(CT = 47.82% and NT = 78.40%) and 100-200 mm (CT = 10.60% and NT = 39.34%) depth increments. 
Similar to results from the current study, Smith (2014) found no significant difference between crop 
rotations, but both Botha (2013) and Smith (2014) reported a significant decrease in aggregate 
stability with depth. Both the latter mentioned authors found positive correlations between aggregate 
stability and carbon content in the 0 - 100 mm depth increment. Although not determined, it was 
suggested that this could also possibly be the cause for significantly higher water stable aggregates 
found in the 0 – 100 mm depth. 
The possible reason for the large difference in percentage water stable aggregates found in the current 
study compared to the other local studies can be attributed to the fact that Botha (2013) and Smith 
(2014) used aggregate sizes between 2.35 – 4 mm and 2 – 2.8 mm, respectively.The current study 
used aggregates between 1 – 2 mm. Shiel et al. (1988) concluded that subsequent wetting and drying 
cycles create failure zones that results in a progressive decrease in aggregate size and strength. 
Consequently macro-aggregates are more prone to wetting and drying induced structural degradation 
compared to smaller aggregates because of their higher amount of failure zones with low strength 
(Dexter et al., 1984). Unger (1997b) concluded that small aggregates are more stable compared to 
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larger aggregates, while Zhang and Horn (2001) also found this and linked this phenomenom to the 
previously mentioned reason which can cause slaking upon wetting. 
Haynes (1993) and Daraghmeh et al. (2009) concluded that the percentage water stable aggregates 
significantly increase if samples are air dried, possibly due to the molecular associations formed 
between soil constituents as reviewed by Kemper and Rosenau (1986). Although Daraghmeh et al. 
(2009) suggesed that the effect of air drying before analysis is dependent on aggregate size, as the air 
drying increased the stability of the 1 – 2 mm aggregates and decreased the stability of 2 – 6.3 mm 
aggregates. The same trend was observed by Haynes (1993), who found that the stability of 2 – 4 mm 
aggregates under long term cultivation decreased after air drying. According to Daraghmeh et al. 
(2009) air drying improved the sensitivity of water stable aggregates to differences between tillage 
treatments and in conjunction with Martıńez-Mena et al. (1998) concluded that air drying enhanced 
the practicality of water stable aggregate percentage as indicator of variability for comparing 
aggregate stability between tillage treatments. 
Another reason for the differences in results among local studies is contributed to Botha (2013) and 
Smith (2014) not pre-wetting samples by means of capillary rise before analyses, as was done in the 
current study. Evans (1954) found that water stable aggregate percentage is usually higher for samples 
being pre-wetted for a longer period. A study by Álvaro-Fuentes et al. (2008) also found no significant 
effect of mouldboard- and chisel plough treatments on 1 – 2 mm aggregates in a loam soil in a 
Mediterranean climate, (NE Spain). Thus, as found by Daraghmeh et al. (2009), the percentage water 
stable aggregates evaluated for a selected confined size class, can be significantly different from the 
results of studies with a wider aggregate size distribution. It is therefore reasoned that aggregate 
stability results are strongly dependent on methodology, aggregate size class and pre-treatment used 
for analysis as also suggested by Daraghmeh et al. (2009) and Dexter (1988). Therefore, the results of 
the current study are appropriate and representative of the aggregate stability of these soils and plots. 
From the results of this study, it was found that conventional tilled soils had a higher aggregate 
stability than no-till soils, although the exact reason is unclear and further research is required to 
explain this finding 
4.3.3 Bulk density 
The bulk density of soil is directly related to the porosity and compaction of the soil. Due to the high 
amount of coarse fragments (>2 mm) present in the soil, of the experimental site, it was not possible 
to measure compaction by means of a penetrometer. Thus, as compaction could not be measured and 
as porosity is directly related to and derived from bulk density, the bulk density in this study was used 
to make some assumptions regarding the effect of tillage and crop rotation on the pores and pore size 
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distribution present in the soil. This was done as the pores and pore size distribution could have an 
effect on the water dynamics and hydraulic properties of the soil, such as infiltration (Rousseva et al., 
1988). These relations are discussed in more detail under sections 4.3.4. and 4.3.5. Bulk density were 
determined over six depth increments: 0-50, 50-100, 100-150, 150-200, 200-250, 250-300 mm, during 
the 2013-2014 fallow period, and results are presented in Table 4.3. 
The only significant (p < 0.05) difference in bulk density occurred as a result of depth, where an 
increase in soil depth resulted in a significant increase in bulk density. No-tillage and conventional 
tillage did not differ from each other on average or at any of their corresponding soil depth 
increments. Each depth increment did differ significantly (p < 0.05) from all the other depth 
increments in both tillage operations. This significant trend was constant throughout all depth 
increments and tillage operations. There was also no indication of a plough pan (>1800 kg.m-3) 
(Hazelton & Murphy, 2007) that had developed in conventional tillage in comparison with no-tillage. 
The results indicated that, although the difference is not significant (p = 0.316), no-tillage (1464.85 
kg.m-3) had a higher bulk density compared to conventional tillage (1440.41       kg.m-3). Crop rotation 
(p = 0.546) as well as the combined effects of tillage vs. rotation (p = 0.968), tillage vs. depth (p = 
0.492), rotation vs. depth (p = 0.986), tillage vs. rotation vs. depth (p = 0.687) also had no significant 
effect on the bulk density. 
The results from this study correspond with results from Agenbag (1987), a study on similar soil at 
Langgewens Experimental farm in the Swartland, that showed no significant differences in the 0 – 90 
mm soil depth between different tillage operations. Many other studies also failed to detect bulk 
density effects of tillage. Hernanz et al. (2002) found no significant difference between three different 
tillage treatments, conventional, minimum and no-tillage, from 150 mm downwards. Blevins et al. 
(1983a), Lal (1997) and Gwenzi et al. (2008), all found no significant differences in the top layer (0 – 
100 mm) among tillage treatments, even after six to eight years of tillage. Ferreras et al. (2000) and 
Martínez et al. (2008) also, found no differences in bulk density between conventional and no-tillage 
treatments. 
The average values for the different crop rotation an tillage treatments showed that the highest bulk 
densities were recorded under NT – WMcWMc (1504.67 kg.m-3), followed by rotation WCWL (1495.12 
kg.m-3) under conventional tillage and under no-tillage (1484.85 kg.m-3). The lowest bulk densities 
were recorded for the conventional tilled WWWW (1406.42 kg.m-3) rotation followed by CWLW under 
conventional tillage (1407.67 kg.m-3) and no-tillage (1430.08 kg.m-3). The results showed that there 
were no significant differences between any of the crop rotations and tillage combinations. The NT – 
WMcWMc treatment also had one of the lowest infiltration rates (26.1 mm.h-1) (Table 4.5) and a 
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Table 4.4. Average bulk density (kg.m-3) results determined at six depthsfor each tillage and crop rotation treatment combination 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of significant differences. 
Depth (mm) Sequence CT NT  
Sequence 
average 
 Depth (mm) Sequence CT NT  
Sequence 
average 
0 - 50 
WWWW 1252.3 1264.8 1258.5  
150 - 200 
WWWW 1445.0 1505.0 1475.0 
WMcWMc 1268.3 1359.5 1313.9  WMcWMc 1497.5 1530.0 1513.8 
McWMcW 1292.0 1284.8 1288.4  McWMcW 1465.3 1526.0 1495.6 
WCWL 1337.0 1253.9 1295.4  WCWL 1527.0 1545.4 1536.2 
CWLW 1257.5 1257.1 1257.3  CWLW 1446.6 1479.7 1463.2 
WLWC 1304.8 1290.0 1297.4  WLWC 1470.5 1491.3 1480.9 
LWCW 1269.6 1271.5 1270.6  LWCW 1484.9 1499.3 1492.1 
Tillage Average 1284.6 j 1276.4 j    Tillage Average 1479.5 fe 1510.1 dbe  
Depth Average 1280.5   Depth Average 1494.8 
50 - 100 
WWWW 1315.8 1366.8 1341.3  
200 - 250 
WWWW 1491.5 1548.5 1520.0 
WMcWMc 1373.3 1430.8 1402.0  WMcWMc 1541.5 1579.5 1560.5 
McWMcW 1349.5 1394.5 1372.0  McWMcW 1520.3 1580.7 1550.5 
WCWL 1416.1 1389.5 1402.8  WCWL 1554.4 1612.3 1583.3 
CWLW 1343.5 1350.1 1346.8  CWLW 1467.6 1533.9 1500.8 
WLWC 1380.0 1395.8 1387.9  WLWC 1517.8 1510.3 1514.0 
LWCW 1365.1 1384.6 1374.9  LWCW 1534.6 1558.5 1546.6 
Tillage Average 1366.8 i 1383.6 hi   Tillage Average 1518.4 dc 1562.8 ac   
Depth Average 1375.2   Depth Average 1540.6 
100 - 150 
WWWW 1406.5 1460.0 1433.3  
250 - 300 
WWWW 1527.5 1651.5 1589.5 
WMcWMc 1448.3 1514.3 1481.3  WMcWMc 1579.3 1614.0 1596.7 
McWMcW 1413.3 1469.8 1441.5  McWMcW 1570.0 1539.0 1554.5 
WCWL 1549.9 1462.4 1506.1  WCWL 1586.3 1645.8 1616.0 
CWLW 1398.8 1415.3 1407.0  CWLW 1522.7 1544.4 1537.1 
WLWC 1433.0 1446.5 1439.8  WLWC 1563.3 1555.0 1559.2 
LWCW 1426.8 1441.9 1434.3  LWCW 1573.3 1570.6 1571.9 
Tillage Average 1445.2 hg 1453.0 fg    Tillage Average 1564.7 ab 1588.1 ab  
Depth Average 1449.1   Depth Average 1577.0 
Total Tillage Average  CT: 1441.1              NT:1462.3                                                   Total Average:                                                     1451.8  
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relatively high unsaturated hydraulic conductivity (5.3 mm.h-1), compared to the other treatments. 
The latter mentioned result was attributed to compaction, as can be concluded from the high bulk 
density, causing a loss of macro-pores (Bescansa et al., 2006) and increase in continuous micro-pores 
(Carter, 1992; Martínez et al., 2008) and consequently reducing flow in macro-pores (infiltration) and 
increasing flow through the micro-pores (unsaturated hydraulic conductivity). The WCWL rotation was 
also the only treatment where conventional tillage (1495.12 kg.m-3) resulted in a higher (not 
significantly, p = 0.05) bulk density compared to the no-tillage (1484.85 kg.m-3) treatment of that 
rotation. The latter mentioned result was linked to extreme rainfall events a few weeks before bulk 
density measurements, described in more detail under 4.3.5., which caused hard setting of top soil by 
slaking of aggregates (Morin, 1993) and loss of unstable macro pores found under conventional tillage 
(Lal & Vandoren, 1990; Sasal et al., 2006) and consequently increasing bulk density. Although the 
amount of crop residues was not measured, it is suggested that the conventional tilled WCWL 
treatment had the least crop residue on the soil surface of all treatments As mentioned previously, 
the WCWL rotation was left fallow during the 2013 growing season and most crop residue in the 
conventional tilled plots was ploughed into the soil during tillage operations. Thus, the difference in 
the amount of crop residue present, can possibly explain this result as it protected the soil surface in 
the no-tillage treatment better in rainfall events, compared to the conventional tillage treatment. The 
beneficial effect of no-tillage that preserved more crop residue on the soil surface, among others to 
prevent compaction caused by rainfall, was evident in this result. 
4.3.4 Infiltration rate 
The average infiltration rate results recorded are presented in Table 4.5. Infiltration rate did not differ 
significantly between tillage treatments (p = 0.238). The infiltration rate was higher for no-tillage with 
a mean of 39.87 mm.h-1 compared to 29.60 mm.h-1 for conventional tillage which led to the conclusion 
that there was a trend for no-tillage to have a higher infiltration rate. Despite higher bulk density 
causing lower total porosity for the no-tillage treatments compared to the conventional tilled 
treatments, the infiltration in the no-till soils was the same as, or higher than the tilled soils. The 
tendency of these results were in line with work from Ehlers (1975) and Sauer et al. (1990) who 
attributed this to both a more stable soil structure in the no-tillage treatment and to an enlarged 
number of continuous earthworm channels that were connected to the soil surface.  
Crop rotations did not result in significant differences (p = 0.967) in infiltration rates. The WMcWMc 
rotation had the lowest infiltration rate (24.34 mm.h-1) with rotation WCWL the second lowest 
infiltration rate (30.97 mm.h-1). The rest of the rotations, McWMcW (35.93 mm.h-1), LWCW             
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(37.58 mm.h-1), CWLW (37.73 mm.h-1), WWWW (38.18 mm.h-1), and WLWC (38.43 mm.h-1) had very 
much the same infiltration rates. 
Table 4.5. Average infiltration rate (mm.h-1) results for each tillage and crop rotation treatment, 
measured during the 2013-2014 fallow period. 
Infiltration rate (mm.h-1) 
Crop sequence CT NT  Sequence average 
WWWW 34.5a 41.9a 38.2 
WMcWMc 22.6a 26.1a 24.3 
McWMcW 24.8a 47.1a 35.9 
WCWL 28.3a 33.7a 31.0 
CWLW 22.8a 52.7a 37.7 
WLWC 35.8a 41.1a 38.4 
LWCW 38.6a 36.6a 37.6 
Tillage Average 29.6a 39.9a  
Overall Average                  34.7 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
The interaction effect between tillage and rotation was not significant (p = 0.952). Two rotations under 
no-tillage, CWLW (52.70 mm.h-1) followed by McWMcW (47.06 mm.h-1) had the highest infiltration 
rates compared to all the other rotation and tillage treatments, which were fairly the same.  
The WLWC rotation had the highest mean infiltration (38.4 mm.h-1), while this rotation had the lowest 
unsaturated hydraulic conductivity (2.8 mm.h-1) with a relative low bulk density (1342.7 kg.m-3 in top 
100 mm) compared to the other rotations. This phenomena showed that there was probably a larger 
amount of macro-pores present, causing high infiltration (Hillel, 1998; Moret & Arrúe, 2007) and in 
correspondence with this, the lower bulk density and low unsaturated hydraulic conductivity occurred 
which indicated the dominance of macro-pores . Canola has a deep penetrating rooting system that 
could have contributed to the formation of preferential flow channels (Anon 2014) resulting in the 
higher infiltration rate for the WLWC rotation. The same tendency was observed for the WWWW and 
CWLW crop rotations which had similarly high infiltration rates (38.2 mm.h-1 and 37.7 mm.h-1, 
respectively) with lower bulk densities (1299.9 kg.m-3 and 1302.1 kg.m-3 in the top 100 mm) and 
corresponding unsaturated hydraulic conductivities (4.1 mm.h-1 and 3.1 mm.h-1). Before infiltration 
measurements, both the latter two rotations had wheat on the plots which could be linked to the 
formation of more preferential flow paths, as a result of the wheat’s rooting system compared to the 
plots with lupins and medic-clover. Wheat however, caused less preferential flow paths than those 
created in the plots which had canola before measurements. The lack of significant differences (p > 
0.05) between the infiltration rates of the tillage and crop rotation treatments can be ascribed to the 
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short time span the trial had been running (Voorhees & Lindstrom, 1984), spatial variability of the soil 
types in the experimental site (Logsdon et al., 1993b), the high percentage coarse fragments (>2 mm) 
present in the soil studied (Brakensiek & Rawls, 1994) and the lack of significant differences in 
aggregate stability of the topsoil (Unger, 1997a; Hillel, 1998) which all have substantial effects on 
infiltration. Another very important factor were two periods with unusual heavy rainstorms in the 
months before determination of infiltration and unsaturated hydraulic conductivity. These rainstorms 
could have influenced pore geometry in the topsoil as the soil classification of the experimental site 
indicated that these soils were susceptible to hard setting. Variations in infiltration and macro-porosity 
caused by tillage do not follow a definite trend but are mostly the result of previous weather 
conditions and recent cultural practices (Logsdon et al., 1993b).  
The first rainstorm occurred at the end of the 2013 season (15th and 16th November) when a total of 
151.62 mm was recorded and the second series of rainstorms occurred during the fallow period at the 
beginning of 2014 (6th until the 9th of January) when it rained 127.76 mm on the night of the 6th, 
followed by 66.79 mm, 59.64 mm, and 19.04 mm respectively during the following three days. 
Infiltration and unsaturated hydraulic conductivity were measured two weeks after the last rain storm 
(23rd, 24th and 27th January 2014), and therefore the effect of surface sealing and consolidation of 
topsoil aggregates was probably not negligible. These rainstorms during the fallow, with low amounts 
of surface residue, could also have sealed some macro-pores (Ela et al., 1992), causing large variations 
in readings. Surface-connected macro-pores seem to have a pronounced impact on the possibility to 
determine if tillage cause significant differences in infiltration rates (Zachmamm et al., 1987; Radcliffe 
et al., 1988; Meek et al., 1990; Dunn & Phillips, 1991). Logsdon et al. (1993) also found no significant 
effect caused by tillage and rotation on tension infiltration measurements. They concluded that 
differences caused by tillage and rotation were inconsistent and varied with time, indicating the 
complexity of detecting management effects if all treatments are cultivated. Increases in infiltration 
rate under no-tillage had been related to reduced soil disturbance (Mielke & Wilhelm, 1998) and an 
increase in earthworm holes (Friend & Chan, 1995) that can possibly explain higher infiltration rates 
in no-tillage treatments also found in the current study. The effect of the rainstorms and subsequent 
wetting and drying cycles could have encouraged breakdown of soil structure (Azooz & Arshad, 1996; 
Green et al., 2003) and can be linked to lower infiltration in conventional tillage treatments (Cameira 
et al., 2003; Robert C Schwartz et al., 2003) ascribed to a decrease in the volume of conducting macro- 
and meso-pores (Messing & Jarvis, 1993). This effect would be more evident in the conventional tilled 
treatments as the surface of the no-till treatments had more crop residue to protect the surface from 
raindrop impact. Consequently reduced slaking of surface aggregates took place as well as prevention 
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of crust formation and sealing of pores (Unger & McCalla 1980; Smika & Unger 1986; Unger et al. 
1991; Blevins et al. 1983b) formed by tillage. 
In conclusion, the effect of tillage might be more pronounced in future measurements. Furthermore, 
continious measurements during the course of this study could have improved our understanding of 
tillage and crop rotation effects on the infiltration and unsaturated flow in these soils compared to 
the once-off measurements (Mukhtar et al. 1985; Mapa et al. 1986; Meek et al. 1990; Starr 1990; 
Logsdon et al. 1993). However it does seem that crop residues have a beneficial effect in terms of 
protecting macro-pores that are responsible for higher infiltration rates, and fallowing positively 
affects pore continuity as a result of less disturbance and more active soil fauna (Pratley, 2003).  
4.3.5 Unsaturated hydraulic conductivity (Kh) 
Average results for unsaturated hydraulic conductivity, (Kh), are shown in Table 4.6. The results 
indicated no significant difference between tillage treatments (p = 0.811). No-tillage had a mean of 
4.34 mm.h-1 and conventional tillage 4.10 mm.h-1 respectively. Crop rotation also did not have a 
significant effect (p = 0.750) on unsaturated hydraulic conductivity. The WMcWMc rotation, which 
had the lowest infiltration rate, had the highest unsaturated conductivity (5.55 mm.h-1). 
Table 4.6. Average unsaturated hydraulic conductivity (mm.h-1) results for each tillage and crop 
rotation treatment, measured during the 2013-2014 fallow period. 
Unsaturated hydraulic conductivity (mm.h-1) 
Crop sequence CT NT  Sequence average 
WWWW 3.9a 4.4a 4.1 
WMcWMc 5.8a 5.3a 5.6 
McWMcW 3.6a 6.0a 4.8 
WCWL 3.7a 5.3a 4.5 
CWLW 3.0a 3.2a 3.1 
WLWC 3.1a 2.5a 2.8 
LWCW 5.7a 3.6a 4.6 
Tillage Average 4.1a 4.3a  
Overall Average       4.2 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
The WMcWMc rotation had the overall highest average unsaturated hydraulic conductivity                   
(5.6 mm.h-1) in conjunction with the lowest infiltration rate (24.3 mm.h-1) and the highest bulk density 
(1358.0 kg.m-3) in the top 100 mm. This is possibly the result of a larger and more continuous micro-
pore network present in this treatment, which was verified by the high bulk density and low infiltration 
rate. These results of WMcWMc supported the conclusion of Hillel (1998) that micro-pores are 
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responsible for the higher flow rate as they are filled quicker and are thus more conducting in the 
unsaturated condition, whereas infiltration mostly occurs through macro-pores. The WMcWMc 
rotation was only tilled every second year, even for the conventional tilled plots, when wheat was 
planted. Therefore it is likely that the less disturbance from tillage caused the increased bulk density. 
This could decrease macro-pores (Alegre et al., 1991) subsequently forming meso- and micro-pores 
that are more extensive (Azooz & Arshad, 1996; Bescansa et al., 2006) and suited for unsaturated flow. 
The same tendency was observed for Kh in the WCWL (4.5 mm.h-1) and McWMcW (4.8 mm.h-1) 
rotations which had high bulk densities in the top 100 mm  (1349.1 kg.m-3 & 1330.2kg.m-3, 
respectively) and low infiltration rates (30.9 mm.h-1 & 35.9 mm.h-1, respectively). Studies done by 
Carter (1992) and by Martínez et al. (2008), in Mediterranean climatic zones, found that no-tillage 
generally reduced the total pore volume and modified the pore size distribution i.e. larger pores were 
disappearing and smaller ones predominating. It is suggested that this can possibly also be the reason 
for the Kh results found in this study. The results for the McWMcW rotation are attributed to the same 
reasons as mentioned previously for WMcWMc, while the WCWL rotation had no crop on the plots in 
2013, as mentioned earlier, and in effect also less disturbance throughout the season. From these 
results it does seem that the roots of the medic-clover in the WMcWMc and McWMcW rotations did 
not have such a robust effect in terms of producing sustainable macro-pores as the other crops, but 
were rather effective in forming meso- and micro-pores at shallower depths. This reasoning is based 
on the fact that both rotations containing medic-clover had a tendency of the highest unsaturated 
hydraulic conductivity and also of the lowest infiltration rates, possibly indicating that only a low 
number of macro-pores were formed by tillage (disc plough for CT and tine planter for CT and NT) and 
wheat in the McWMcW sequence. It is however likely that these artificially formed macro-pores at 
the soil surface were less stable and collapsed due to the heavy rainstorms while the biologically 
formed meso- and micro-pores remained stable (Lal & Vandoren, 1990; Sasal et al., 2006). Therefore 
it is suggested that the higher bulk density in the WCWL rotation is possibly the cause of a lack of crop 
roots and organic matter, thus limiting macro-pore formation due to lower soil biological activity (Sasal 
et al., 2006) during the 2013 season, while a higher volume of micro-pores were present at the time 
of measurement. Considering results of bulk density (1322.7 kg.m-3), infiltration rate (37.6 mm.h-1) 
and unsaturated hydraulic conductivity (4.7 mm.h-1) for the LWCW rotation, it is proposed that this 
rotation had a much more balanced volume of macro- and micro-pores.  
Interaction between tillage and crop rotation showed no significant effect (p = 0.910). It is however, 
interesting to note that CWLW and WLWC had the lowest unsaturated hydraulic conductivity under 
both no-tillage (CWLW = 3.2 mm.h-1, WLWC = 2.5 mm.h-1) and conventional tillage (CWLW =                    
3.0 mm.h-1, WLWC = 3.1 mm.h-1), respectively. The highest unsaturated hydraulic conductivity,         
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6.01 mm.h-1, were recorded in the NT – McWMcW treatment. CT – WMcWMc (5.79 mm.h-1) had the 
highest Kh of all CT treatments, while NT – WMcWMc (5.13 mm.h-1) had the second highest Kh of all 
NT treatments. 
From the current study is seems that tillage does affect the pore-size distribution which in turn affects 
water flow through the soil. However, it does seem that no-tillage had a more sustainable effect in 
terms of producing more continuous and stable pores that contribute to better flow through the soil. 
The macro-pores caused by tillage were also not extremely effective in terms of unsaturated flow as 
they empty quicker and thus increase flow length and also collapse easier during rainfall events (Lal & 
Vandoren, 1990; Sasal et al., 2006).  
4.3.6 Water retention 
Water retention was only compared between the averages of conventional and no-tillage over depth.  
Tillage had no significant (p < 0.05) effect on the water retention properties of the soils analysed (Table 
4.7). The water retention decreased significantly (p < 0.05) with depth although the general trend was 
a significant decrease up to 200 mm, whereafter the water retention increased again from the 200-
300 mm to 300-450 mm depth increment. Water retention between the 100-200 mm and 200-           
300 mm depth increments did not differ significantly (p ≤ 0.05). At saturation (0 kPa) the volumetric 
water content was almost equal in both conventional and no-tillage.  
 
Figure 4.4. Average volumetric water content at a matrix potential of -10 kPa for the conventional and 
no-tillage treatments over depth 
Note: Error bars represent standard deviation, and alphabetic letters denote statistical differences between 

















































Tillage vs depth (p= 0.453)
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Table 4.7. Average volumetric soil water contents (m3.m-3) at different matrix potentials (kPa) for the laboratory measured and predicted Saxton & Rawls 
(2006) method results. 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of significant differences.
   Matrix potential (kPa) 
Depth increment (mm) Method Tillage 0 kPa - 10 kPa - 50 kPa - 200 kPa - 400 kPa - 800 kPa - 1500 kPa 
0 - 100 
Measured 
(Pressure plates) 
CT 0.54ab 0.37a 0.23ac 0.18abc 0.17ac 0.14ab 0.13ab 
NT 0.54ac 0.37ab 0.23bc 0.17ad 0.16cde 0.13acb 0.13a 
Average 0.54 0.37 0.23 0.18 0.17 0.14 0.13 
Predicted (Saxton 
& Rawls) 
CT 0.47 0.34 0.25 0.20 0.17 0.15 0.14 
NT 0.47 0.32 0.24 0.19 0.16 0.14 0.13 
Average 0.47 0.33 0.25 0.19 0.17 0.15 0.13 
100 - 200 
Measured 
(Pressure plates) 
CT 0.51dc 0.35b 0.21b 0.16d 0.16be 0.13cd 0.12ab 
NT 0.52bd 0.36ab 0.23bc 0.17db 0.15cde 0.13bd 0.12ab 
Average 0.51 0.35 0.22 0.16 0.16 0.13 0.12 
Predicted (Saxton 
& Rawls) 
CT 0.47 0.34 0.25 0.20 0.17 0.15 0.14 
NT 0.47 0.33 0.24 0.19 0.16 0.14 0.13 
Average 0.47 0.33 0.25 0.19 0.17 0.15 0.13 
200 - 300 
Measured 
(Pressure plates) 
CT 0.51d 0.34b 0.21b 0.17dc 0.16bd 0.13cd 0.12ab 
NT 0.50d 0.35ab 0.23bc 0.17db 0.16cde 0.13bd 0.11b 
Average 0.50 0.34 0.22 0.17 0.16 0.13 0.12 
Predicted (Saxton 
& Rawls) 
CT 0.48 0.35 0.27 0.21 0.19 0.17 0.15 
NT 0.46 0.33 0.24 0.19 0.16 0.14 0.13 
Average 0.47 0.34 0.25 0.20 0.18 0.16 0.14 
300 - 450 
Measured 
(Pressure plates) 
CT 0.51dc 0.34b 0.24ac 0.18ab 0.17acd 0.14acb 0.12ab 
NT 0.51bd 0.36ab 0.24a 0.18ac 0.18ab 0.14ac 0.12ab 
Average 0.51 0.35 0.24 0.18 0.18 0.14 0.12 
Predicted (Saxton 
& Rawls) 
CT 0.49 0.39 0.31 0.25 0.23 0.21 0.19 
NT 0.46 0.34 0.25 0.20 0.17 0.15 0.14 




CT 0.52 0.35 0.23 0.17 0.17 0.14 0.12 
NT 0.52 0.36 0.23 0.17 0.16 0.13 0.12 
Average 0.52 0.35 0.23 0.17 0.17 0.13 0.12 
Predicted (Saxton 
& Rawls) 
CT 0.48 0.35 0.27 0.22 0.19 0.17 0.16 
NT 0.46 0.33 0.24 0.19 0.17 0.15 0.13 
Average 0.47 0.34 0.26 0.20 0.18 0.16 0.14 
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The water retention at field capacity (-10 kPa) (Figure 4.4) and at -50 kPa (Tbale 4.7) tended to be 
higher (not significant) in the no-till soils (100 –450 mm depth), however at all the higher pressures 
analysed (see Table 4.6) up to permanent wilting point (-1500 kPa) the conventional tilled soils had a 
slightly higher water retention (not significant) than those under no-tillage.  
The 1:1 graph presented in Figure 4.6 shows the method from Saxton & Rawls (2006) is suited for 
predicting water retention values in these soils and this is also statistically supported (R2=0.9378). 
However, it should be used with caution as this method marginally under-predicts the water retention 
at lower matrix potentials (saturation) and slightly over-predicts water retention at higher matrix 
potentials (taking matrix potential as a positive value). This can also be seen from the water retention 
graph in Figure 4.5., where the curve produced by the Saxton & Rawls (2006) method is below the 
measured values at low matrix potentials and above the measured values at higher matrix potentials. 
The predicted values for field capacity (10 kPa) and 50 kPa are the closest to actual measurements.  
The tendency observed in this study (Table 4.6) that no-till soils have higher water retentions, 
especially in the bottom three depth increments, at high matrix potentials (-10 kPa and -50 kPa) are 
corresponding with work from Bescansa et al. (2006), who also found no-till soils to have higher water 
retentions at high matrix potentials. As texture is an inherent property of the soil that cannot be 
greatly modified by tillage, the amount of organic matter contributed by the different tillage 
treatments would be a good explanation for differences found in the retention results between tillage 
treatments. Although organic matter was not measured in the current study, this conclusion is in line 
with findings from Bescansa et al. (2006). These authors attributed higher soil water retention to a 
greater soil water capacity and the mulching effect of crop residues found under reduced-tillage 
systems. 
4.3.7 S-index (micro-structure) 
The soil types (Glenrosa, Oakleaf, Tukulu) assessed in this study had very weak structure due to poor 
development. This implicates the importance to examine micro-structure to assess the state of 
structure in these soils. The use of a single value to quantify soil structural and physical quality, known 
as the S-index, were proposed by Dexter (2004).  




Figure 4.5. A 1:1 graph between the averages of the measured water retention results and the 
averages of the predicted values from the Saxton & Rawls (2006) method. 
 
 
Figure 4.6. Water retention curves from measured laboratory data for conventional tillage and no-
tillage, plus the predicted water retention curve derived from the Saxton & Rawls (2006) method. The 
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The S – index was calculated from the water retention data for both the Saxton & Rawls (2006) 
predicted values as well as the laboratory measured values. The measured S – values were generally 
(not significantly) higher than the predicted S – values at all depth and tillage treatments. Only the       
S – index of the measured results will be used for interpretation, although the S – index from both 
methods are presented in Table 4.8. From the measured results it is clear that structure (S – index) 
was significantly (p < 0.05) decreasing with depth in the top three soil increments i.e. from 0 – 100 
mm to 200 – 300 mm. No-till tended to have a better structure (higher S – index) than conventional 
tillage at all depths analysed. The effect of tillage on the structure (S – index) was not significant (p = 
0.544). 
Table 4.8. S-index (Dexter, 2004) calculated for both the predicted water retention results from the 
Saxton & Rawls (2006) method and the laboratory measured results under conventional and no-
tillageat different depths. 
Depth increment (mm) Tillage Saxton & Rawls S-values Measured S-values 
0 – 100 
NT 0.0419 0.0520ab 
CT 0.0391 0.0478acd 
100 – 200 
NT 0.0419 0.0465edf 
CT 0.0390 0.0443bfg 
200 – 300 
NT 0.0399 0.0438cgh 
CT 0.0356 0.0404eh 
300 – 450 
NT 0.0384 0.0418cgh 
CT 0.0320 0.0391eh 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
As the Saxton & Rawls (2006) method only uses textural data to predict water retention values it was 
considered inappropriate to calculate the S – index from data obtained by this method to evaluate 
differences between tillage treatments. It is rather advisable to determine the state of these soils’ S – 
index (micro-structure) using measured water retention values which were more representative of 
the soils’ actual condition at the time of evaluation. 
Dexter (2004) stated that S = 0.035 is the boundary between soils with poor and good micro-soil 
structural quality, while S > 0.035 spells better quality. There is no abrupt change in soil properties at 
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this value, however soils with very poor physical conditions are clearly correlated with   S < 0.020. 
Therefore it was concluded that generally most soils at the current experimental sites had a good 
micro-structure, favourable for crop and root growth as well as for water infiltration and movement 
through the topsoil, regardless of tillage method. Soils under no-tillage tend to have a marginally 
better micro-structure than those found under conventional tillage. This finding was linked to less 
disturbance by tillage and a higher accumulation of organic matter in no-till soils which consequently 
led to improved and better micro-structure than conventional tilled soils. The last mentioned 
statement was also supported by higher S – values in the topsoil of both treatments, where higher 
amounts of organic material is expected than in the subsoil. Considering all soil physical data, it seems 
as if there is good correlation between S and all other physical properties, indicating the possibility of 
using this single parameter for future research. Li et al. (2011), who also found a good correlation 
between the physical properties and the S-index, came to a similar conclusion.  
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Chapter Five: Change in Soil Water 
Content and Cumulative 
Evapotranspiration 
 
The growing season, in terms of soil water content and cumulative evapotranspiration (also referred 
to as water usage), for all rotation and tillage treatments are presented in Tables 5.1 to 5.45. The 
individual soil water balance for each crop rotation and tillage treatment is shown in table format and 
thereafter discussed. This same order is used to present and discuss the 2013 growing season, 
followed by the 2013-2014 fallow period and ends off with the 2014 growing season. After both 
growing seasons and the fallow period there is a general discussion of all the data for each of these 
periods in section 5.2. followed by a final conclusion in section 5.3. 
5.1 Soil water data 
5.1.1 2013 Growing season  
The 2013 growing season started on 9 May and ended 13 November 2013. Total rainfall during the 
2013 growing season was 341 mm. June (82.0 m), August (111.7 mm), and October (84.8 mm) received 
above average rainfall. May (42.1 mm) and July (45.7 mm) had average rainfall, while September (14.7 
mm) was the only month that received below average rainfall. See Table A-86 in Appendix 4 for climate 
data. The late rains during October had the effect of extending the growing period for a week or two. 
5.1.1.1 Soil water balances 
The water balance for each tillage and crop rotation treatment is discussed first whereafter it is shown 
(in table format), on the page directly following the discussion, in terms of soil water content and 
cumulative evapotranspiration. The first two paragraphs of each water balance discussion deals with 
the SWC while the last two paragraphs cover the ΣET results. Where appropriate, different dates were 
used to examine differences during the season, i.e. around 60, 92, 120, 150, and 180 days after 
planting. On the latter mentioned dates, the soil water content and cumulative evapotranspiration 
are discussed first in terms of how each crop rotation and tillage treatment performed in relation to 
all other treatments (if appropriate). Thereafter the conventional and no-tillage treatment, of each 
crop sequence, are compared and discussed in relation to each other. The previously described order 
are used for both SWC and ΣET, and all water balance data. The light blue filled cells indicate the 
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presence of a water table. A SWC higher than 35.0 mm, per 10 cm layer, indicates saturation (from 
water retention data) and was regarded as development of a water table. In treatments with canola 
on field, the previously mentioned: “days after planting”, corresponded well with the following stages: 
flower initiation, full bloom, anthesis going over in pod and seed development, maturity and end of 
season, respectively. In the case of wheat these dates (days after planting) were associated with the 
following stages: end of tillering, anthesis, end of anthesis and start of dough development, start of 
maturity and end of season, respectively. These are critical stages of plant development and soil water 
content and water usage during these stages can influence total grain yield. 
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5.1.1.1.1 Wheat monoculture 
Soil water content for the CT – WWWW (Table 5.1) treatment was always lower than the NT 
treatment, varying between 21.6 – 99 mm throughout the season, where the smallest difference was 
recorded at 92 days after planting while the largest difference occurred at 49 days after planting.The 
NT – WWWW treatment (Table 5.2) had the highest total profile SWC of all treatments at all stages 
during growth, except at 120 and 188 days after planting, where it had the second and third highest 
SWC of all treatments, respectively. The NT – WWWW treatment stored 65.8 mm more water at the 
end of the season. 
Evaluation of the soil water content data showed the presence of a water table (soil water content 
higher than field capacity >35.0 mm) in the CT treatment from 92 until 113 days after planting at which 
date it disappeared. In the NT treatment the presence of a water table was observed from 35 until 
140 days after planting and once again at 180 days after planting. 
The cumulative evapotranspiration was higher for NT – WWWW until 97 days after planting where 
after the total evapotranspiration was higher for CT – WWWW until the end of the season. The largest 
difference between the evapotranspiration amounts was on 78 days after planting when        NT – 
WWWW had used 31.7 mm more water compared to CT – WWWW. The smallest difference in 
cumulative evapotranspiration was 127 days after planting, when CT – WWWW had used 2.5 mm 
more water compared to its NT counterpart. The end of season difference between the cumulative 
evapotranspiration of the two tillage treatments was 18.9 mm, CT – WWWW being the highest. 
The percentage water usage up to anthesis (92 days after planting), of the total water usage, were 
lower for CT –WWWW at 19.4% (91.8 mm) and 27.0% (122.7 mm) for NT – WWWW. At the end of 
anthesis (120 days after planting) the water usage was roughly the same with 56.2% (265.6 mm) for 
CT – WWWW and 57.1% (259.1 mm) for NT – WWWW. During anthesis until start of maturity (92 to 
155 days after planting), the CT – WWWW treatment have used 65.3% (308.7 mm) while the NT – 
WWWW treatment have used 59.4% (269.7 mm) of the total water usage. Thus the CT – WWWW 
treatment have used about 8% (31.0 mm) less water up to anthesis compared to NT – WWWW. Water 
usage until the end of anthesis was roughly the same. Conversely NT – WWWW had used about 6% 
(38.9 mm) less water during anthesis to start of maturity. 
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Table 5.1. Soil water balance for wheat monoculture under conventional tillage (CT – WWWW) during the 2013 growing season. All values are in mm. 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
WWWW - CT                         
Days after plant 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 8.1 15.6 12.1 10.5 10.9 11.9 17.5 14.5 12.6 21.3 21.4 19.0 20.5 14.9 11.4 9.9 18.5 7.5 4.4 5.4 4.0 6.3 7.3 3.7 
100 – 200 22.5 32.4 29.7 26.0 25.1 26.9 32.9 28.6 25.3 35.1 34.2 31.0 32.9 28.4 24.7 21.9 25.4 18.9 13.9 14.6 12.3 15.4 18.5 14.2 
200 – 300 18.6 26.5 24.7 22.8 22.1 23.4 28.7 24.6 22.4 35.9 29.3 27.2 25.4 24.0 20.9 19.5 18.5 17.7 12.9 12.7 11.1 11.6 14.6 13.1 
300 – 400 18.6 29.4 27.3 23.2 22.9 23.9 30.2 25.6 23.4 43.9 34.0 28.9 26.5 25.9 21.2 19.8 19.5 19.1 14.8 14.1 12.0 12.3 14.0 13.4 
400 – 500 12.0 23.9 23.2 20.3 20.2 20.2 23.4 23.5 20.8 43.9 36.0 26.2 24.2 22.9 21.1 19.1 19.2 19.5 16.8 15.8 14.2 14.2 15.0 14.6 
500 – 600 11.0 23.6 23.3 22.1 21.7 22.8 23.8 23.7 21.7 46.8 40.5 27.3 25.4 24.6 22.7 20.0 20.1 22.5 18.2 17.4 16.5 16.6 17.3 16.7 
600 – 700 11.6 26.2 25.6 25.2 25.5 25.2 25.2 25.4 25.2 46.0 37.9 36.1 30.6 29.9 27.1 26.2 25.9 25.8 23.0 22.3 20.6 20.5 22.5 21.6 
700 – 800 13.8 33.5 31.7 31.2 31.1 31.0 31.0 31.1 31.0 44.0 40.8 39.7 35.5 32.1 30.1 28.8 28.7 28.0 25.6 24.7 23.3 23.3 24.3 23.5 
800 – 900 8.6 28.1 22.6 21.7 21.5 21.3 21.9 21.6 21.5 29.6 29.4 23.6 23.3 22.5 21.1 19.9 19.1 17.6 14.9 14.8 13.8 13.9 14.1 13.7 
900 – 1000 7.6 27.8 24.6 23.1 23.0 22.9 23.6 23.5 22.9 29.9 29.8 26.1 25.8 24.5 23.7 23.0 23.1 22.1 19.7 19.4 18.4 17.9 19.1 18.4 
Total SWC 132.3 267.0 244.8 225.9 224.1 229.5 258.1 242.1 226.8 376.4 333.2 285.0 270.1 249.7 223.9 208.1 218.0 198.6 164.1 161.1 146.1 152.0 166.8 152.8 
∆S  -134.7 22.3 18.9 1.8 -5.5 -28.5 16.0 15.2 -149.6 43.2 48.3 14.8 20.4 25.8 15.8 -9.9 19.4 34.6 3.0 15.0 -5.9 -14.8 14.0 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  57.8 0.0 0.0 0.0 0.0 0.9 0.0 0.0 84.8 0.0 0.0 0.0 0.0 0.0 0.0 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  57.8 57.8 57.8 57.8 57.8 58.6 58.6 58.6 143.4 143.4 143.4 143.4 143.4 143.4 143.4 152.0 152.0 152.0 152.0 152.0 152.0 152.0 152.0 
ET  0.0 24.3 21.9 4.6 1.6 0.0 19.3 20.0 0.0 55.1 52.3 42.3 24.2 33.7 19.3 0.0 20.9 34.8 26.1 26.4 5.7 26.3 14.0 
Average ET/day  0.0 3.1 3.6 0.8 0.2 0.0 2.5 2.9 0.0 11.1 7.5 4.6 3.5 4.8 6.4 0.0 3.3 5.1 3.3 3.8 0.8 2.4 1.8 
ΣET  0.0 24.3 46.2 50.8 52.4 52.4 71.7 91.8 91.8 146.8 199.2 241.4 265.6 299.3 318.6 318.6 339.5 374.3 400.4 426.8 432.5 458.9 472.9 
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Table 5.2. Soil water balance for wheat monoculture under no-tillage (NT – WWWW) during the 2013 growing season. All values are in mm. 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
WWWW - NT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 15.4 28.8 26.4 23.9 23.3 22.4 29.9 23.9 20.2 33.5 30.5 28.6 28.5 21.4 17.4 15.1 22.4 11.4 8.1 8.8 7.1 14.2 11.7 7.3 
100 – 200 25.0 34.5 34.3 29.3 28.6 30.0 32.9 28.7 26.2 37.3 36.1 32.9 29.6 27.3 23.6 22.0 20.4 18.6 14.1 14.0 12.5 13.5 16.7 14.6 
200 – 300 21.4 37.0 37.2 32.4 30.8 30.8 34.2 31.2 28.1 40.4 38.9 38.0 34.0 31.2 26.4 24.4 22.9 21.9 16.5 15.8 13.9 14.0 16.6 16.0 
300 – 400 21.6 38.6 39.3 37.1 32.3 33.3 34.6 34.2 31.3 46.6 42.2 40.3 37.3 33.9 30.4 27.9 27.0 26.0 20.3 18.7 16.6 16.7 18.8 19.4 
400 – 500 19.6 38.3 38.1 36.8 32.2 32.2 33.0 31.8 31.1 47.1 40.9 39.3 36.5 33.6 30.4 29.4 29.4 29.7 26.7 24.6 22.1 21.5 23.1 22.9 
500 – 600 19.0 38.8 38.5 37.9 36.9 32.3 31.5 31.3 31.5 46.0 42.1 38.8 36.2 36.2 31.0 29.9 29.7 29.8 27.1 26.2 24.6 24.1 25.6 24.9 
600 – 700 19.5 40.6 38.3 38.2 36.8 36.2 35.2 34.6 34.9 44.5 44.5 38.6 36.4 36.5 34.9 33.6 34.1 34.6 32.5 31.8 30.8 31.2 33.0 32.0 
700 – 800 18.8 44.0 39.8 39.3 38.7 38.8 38.9 36.2 35.5 43.9 44.0 40.5 38.6 38.3 37.1 35.4 35.2 35.6 33.9 33.2 32.2 33.0 36.1 34.4 
800 – 900 11.1 29.0 25.3 24.8 24.5 24.6 24.4 24.6 22.9 29.2 29.3 28.5 24.8 24.6 23.4 22.9 23.2 23.0 21.0 20.3 19.9 20.1 22.7 22.8 
900 – 1000 10.8 29.2 26.1 25.3 25.1 25.1 25.1 25.0 25.2 29.6 29.5 29.4 25.8 25.7 24.3 24.0 24.4 24.1 23.5 22.5 21.8 22.1 25.0 24.4 
Total SWC 182.2 359.0 343.2 324.9 309.1 305.6 319.7 301.4 287.0 398.0 377.9 354.8 327.6 308.8 278.9 264.6 268.8 254.8 223.7 216.0 201.5 210.3 229.2 218.6 
∆S  -176.8 15.7 18.3 15.8 3.6 -14.1 18.2 14.5 -111.0 20.1 23.1 27.3 18.8 29.9 14.3 -4.2 14.1 31.1 7.7 14.5 -8.9 -18.9 10.5 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP 0.0 76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  99.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 46.3 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 146.2 146.2 146.2 146.2 146.2 146.2 146.2 149.1 149.1 149.1 149.1 149.1 149.1 149.1 149.1 
ET  0.0 17.8 21.3 18.6 10.7 13.5 21.5 19.3 0.0 32.0 27.1 54.7 22.6 37.7 17.9 0.0 15.6 31.4 30.8 25.9 2.8 22.3 10.5 
Average ET/day  0.0 2.2 3.6 3.2 1.5 1.7 2.8 2.8 0.0 6.5 3.9 6.0 3.3 5.3 6.0 0.0 2.5 4.6 3.9 3.7 0.4 2.0 1.3 
ΣET  0.0 17.8 39.1 57.7 68.4 81.9 103.4 122.7 122.7 154.7 181.8 236.5 259.1 296.8 314.7 314.7 330.3 361.6 392.4 418.3 421.1 443.4 454.0 
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5.1.1.1.2 Wheat – Medic-clover – Wheat – Medic-clover 
The CT – WMcWMc treatment (Table 5.3) had the third highest SWC at 62 and 155 days after planting. 
Soil water content for the NT – WMcWMc treatment (Table 5.4) was always lower than the CT 
treatment, varying between 77.0 mm and 23.7 mm. The smallest difference was recorded at the first 
measurements taken. The second smallest difference (27.1 mm) was at 92 days after planting, 
however this was only 12 days before the largest difference (77.0 mm) between the two tillage 
treatments was recorded at 104 days after planting. At the end of the season CT – WMcWMc stored 
50.1 mm more water compared to its NT counterpart.  
In the CT treatment a water table was observed at 35 days and from 92 until 120 days after planting, 
while the presence of a water table in the NT treatment was only visible on one day i.e. 92 days after 
planting. 
The cumulative evapotranspiration was higher for CT – WMcWMc until 92 days after planting, from 
where it was higher for NT – WMcWMc up to the end of the season. The largest difference in water 
usage occurred 104 days after planting, when NT – WMcWMc had used 40.8 mm more water. The 
smallest cumulative difference was recorded 19 days after planting when CT – WMcWMc had used 
only 8.2 mm more water compared to the NT treatment. At the end of the season, CT – WMcWMc 
had used 21.5 mm less water than the NT – WMcWMc treatment.  
Even though Medics – clover does not have the same phenological phases as wheat and canola, the 
percentage of water usage is briefly discussed on the same dates. Until 92 days after planting the        
CT – WMcWMc treatment have used 24.0 % (100.0 mm) of the total seasonal water, while usage was 
20.7% (90.9 mm) for NT. After 120 days the water usage was 64.7% (283.8 mm) in NT – WMcWMc 
compared to 59.5% (248.4 mm) for CT. The water usage from 92 to 155 days after planting differed 
with about 5.6% (37.3 mm), which was 58.8% (245.4 mm) for CT – WMcWMc and 64.4% (282.6 mm) 
for NT – WMcWMc.  
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Table 5.3.Soil water balance for wheat – medics-clover – wheat – medics-clover under conventional tillage (CT – WMcWMc) during the 2013 growing 
season. All values are in mm. 
WMcWMc - CT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 7.6 17.7 14.2 14.5 13.4 13.5 20.5 15.5 14.0 24.7 24.0 19.2 20.9 11.8 9.2 8.5 16.0 7.7 5.6 7.6 6.2 9.8 11.3 6.1 
100 – 200 17.3 30.4 27.4 24.9 23.8 26.2 30.8 26.1 23.7 35.5 32.1 24.8 26.9 20.9 16.2 14.9 14.1 14.1 12.2 14.1 12.4 13.4 19.2 14.9 
200 – 300 14.4 30.7 28.6 26.1 25.0 27.2 31.8 27.3 25.1 32.3 30.6 26.0 25.6 22.8 20.0 18.5 16.6 16.4 13.4 14.0 12.7 12.9 15.5 13.7 
300 – 400 15.1 30.3 29.2 27.9 26.9 28.4 32.1 28.8 27.7 33.9 31.3 28.3 25.9 24.9 23.1 22.0 21.2 21.7 17.9 17.3 15.4 15.0 16.0 15.0 
400 – 500 16.2 30.4 29.9 28.6 28.1 28.9 32.1 29.7 28.9 38.5 33.6 31.0 28.0 26.6 24.9 24.2 23.7 24.1 22.3 22.2 20.8 19.5 20.2 19.4 
500 – 600 17.8 30.2 30.0 28.9 28.5 28.7 31.4 29.9 29.5 43.9 36.4 34.3 31.4 30.0 27.5 26.6 26.0 26.4 24.7 24.1 23.9 24.9 25.5 24.1 
600 – 700 18.2 32.9 31.8 31.4 30.1 30.3 32.4 31.7 31.0 43.3 39.3 36.1 35.7 33.8 30.4 29.5 28.7 29.3 27.1 26.6 26.0 26.4 27.8 26.4 
700 – 800 18.9 36.4 33.3 32.6 31.9 32.0 33.4 33.5 33.0 42.0 38.5 36.9 36.1 36.3 34.0 32.5 31.7 32.4 29.9 29.6 28.9 29.4 30.9 29.1 
800 – 900 10.8 25.8 19.4 18.5 17.9 17.9 19.6 18.5 18.3 28.0 28.1 22.4 20.7 19.6 18.9 18.4 17.4 17.4 15.5 15.1 14.7 14.8 15.4 14.6 
900 – 1000 12.3 26.7 21.7 20.7 20.0 20.3 25.5 20.8 20.4 28.0 28.0 24.2 23.4 22.2 21.6 21.4 21.4 21.2 19.3 18.9 18.4 18.8 19.2 18.4 
Total SWC 148.8 291.5 265.4 254.1 245.5 253.4 289.7 261.7 251.5 350.2 322.0 283.3 274.6 248.9 225.7 216.5 216.6 210.8 187.9 189.5 179.6 184.9 201.0 181.7 
∆S  -142.7 26.0 11.3 8.5 -7.9 -36.2 28.0 10.2 -98.6 28.1 38.7 8.7 25.7 23.2 9.2 -0.1 5.7 22.9 -1.5 9.9 -5.4 -16.1 19.3 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  65.7 0.0 0.0 0.0 0.8 8.6 0.0 0.0 33.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  65.7 65.7 65.7 65.7 66.5 75.1 75.1 75.1 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 109.0 
ET  0.0 28.1 14.4 11.3 0.0 0.0 31.2 15.0 0.0 40.0 42.8 36.1 29.5 31.0 12.8 1.2 7.3 23.1 21.5 21.3 6.3 25.1 19.3 
Average ET/day  0.0 3.5 2.4 1.9 0.0 0.0 4.0 2.2 0.0 8.1 6.2 4.0 4.3 4.4 4.2 0.3 1.1 3.4 2.7 3.1 0.9 2.3 2.5 
ΣET  0.0 28.1 42.4 53.7 53.7 53.7 85.0 100.0 100.0 140.0 182.8 218.9 248.4 279.4 292.2 293.4 300.7 323.8 345.3 366.7 373.0 398.0 417.3 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.4. Soil water balance for wheat – medics-clover – wheat – medics-clover under no-tillageage (NT – WMcWMc) during the 2013 growing season. All 
values are in mm. 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
WMcWMc - NT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 11.0 18.6 16.0 15.2 14.0 15.1 22.0 15.0 11.1 25.0 24.5 14.9 19.3 10.2 8.9 9.0 20.8 8.0 5.8 8.0 7.3 8.6 11.6 6.2 
100 – 200 20.1 29.0 26.4 24.7 23.9 26.2 31.6 24.6 21.5 32.0 30.4 22.5 26.8 18.0 15.3 14.5 19.4 14.6 12.0 15.0 13.8 13.4 19.7 16.0 
200 – 300 16.7 26.1 24.5 21.6 22.0 23.7 29.6 22.1 20.7 32.5 30.1 22.0 25.4 18.7 14.8 13.8 12.9 13.5 11.4 13.3 12.1 12.3 16.2 13.9 
300 – 400 15.4 27.6 26.9 22.8 22.6 24.2 29.9 23.5 21.8 30.9 28.8 23.9 24.4 20.6 19.0 17.4 15.3 16.0 14.6 14.5 13.9 15.1 16.5 14.8 
400 – 500 13.9 25.6 25.2 24.3 24.2 25.0 27.1 25.1 23.9 33.4 26.6 24.4 22.6 21.8 20.2 18.6 17.8 19.0 18.3 17.6 17.0 17.6 18.5 17.7 
500 – 600 12.3 22.1 22.1 21.7 22.1 21.6 22.6 21.9 21.2 32.7 23.5 21.5 20.4 20.0 19.2 18.2 15.9 17.8 16.8 16.3 15.9 16.2 16.9 16.1 
600 – 700 12.3 22.7 22.6 22.0 22.5 22.4 23.3 22.5 22.8 34.3 25.3 23.9 22.7 22.9 21.9 21.5 20.7 22.1 13.8 14.7 14.2 13.5 14.4 14.5 
700 – 800 9.2 18.3 18.2 18.1 18.3 18.4 19.2 18.3 18.6 44.5 21.0 20.3 19.8 19.8 19.2 18.8 18.9 19.4 13.2 13.8 13.0 12.4 13.1 13.8 
800 – 900 6.7 10.6 9.6 9.6 9.4 9.6 10.4 9.8 9.7 29.3 24.3 14.4 12.9 12.4 11.5 11.0 10.4 10.3 9.4 9.5 9.2 9.3 9.7 8.5 
900 – 1000 7.5 21.5 13.3 13.0 12.8 12.8 13.4 13.2 12.9 28.4 27.9 18.5 13.6 13.0 12.1 11.6 11.2 11.1 10.0 9.9 9.7 9.8 10.6 10.2 
Total SWC 125.1 222.1 204.9 193.0 192.0 199.0 229.1 196.0 184.3 323.1 262.6 206.3 207.7 177.4 162.1 154.5 163.3 151.7 125.3 132.6 126.3 128.4 147.2 131.6 
∆S  -97.0 17.3 11.9 1.0 -7.1 -30.0 33.1 11.7 -138.8 60.5 56.3 -1.4 30.3 15.4 7.5 -8.8 11.5 26.4 -7.3 6.4 -2.1 -18.8 15.6 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  20.1 0.0 0.0 0.0 0.0 2.3 0.0 0.0 74.1 0.0 0.0 0.0 0.0 0.0 0.0 7.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  20.1 20.1 20.1 20.1 20.1 22.5 22.5 22.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 104.0 104.0 104.0 104.0 104.0 104.0 104.0 104.0 
ET  0.0 19.3 14.9 3.8 0.0 0.0 36.4 16.5 0.0 72.4 60.3 26.0 34.1 23.2 11.1 0.0 13.0 26.7 15.7 17.8 9.5 22.4 15.6 
Average ET/day  0.0 2.4 2.5 0.7 0.0 0.0 4.6 2.4 0.0 14.7 8.7 2.9 5.0 3.3 3.7 0.0 2.1 3.9 2.0 2.5 1.4 2.0 2.0 
ΣET  0.0 19.3 34.2 38.0 38.0 38.0 74.4 90.9 90.9 163.3 223.6 249.7 283.8 307.0 318.1 318.1 331.1 357.8 373.6 391.3 400.9 423.3 438.8 
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5.1.1.1.3 Medic-clover – wheat – medic-clover – wheat  
Soil water content of the CT – McWMcW treatment (Table 5.5) was always higher compared to the 
NT treatment, except at 92 and 97 days after planting. These are the only two periods recorded where 
NT – McWMcW (Table 5.6) had a higher SWC than the CT treatment. The NT – McWMcW treatment 
had the highest SWC of all treatments at 92 days after planting. The largest difference observed was 
70 days after planting when the SWC of CT was 48.7 mm higher than NT. The smallest difference 
between treatments was at the end of the season when CT – McWMcW stored only 1.8 mm more 
water than its NT counterpart. 
In the SWC data, a water table was observed in the CT treatment at day 35 and from 92 until 127 days 
after planting. In the NT treatment a water table was noted at 35 until 49 and also at 92 until 127 days 
after planting. 
Cumulative evapotranspiration for NT – McWMcW was the second highest of all treatments from 120 
days after planting until the end of the season. The water usage was generally higher for the                     
CT – McWMcW treatment until 92 days after planting. Although water usage was roughly the same, 
there were periods when NT – McWMcW had higher water usage. After 92 days, NT – McWMcW had 
a higher cumulative evapotranspiration than CT – McWMcW up to the end of the season, with NT 
using 22.7 mm more water in total, compared to its CT counterpart. The largest difference was at 120 
days after planting when NT – McWMcW used 51.4 mm more water than CT – McWMcW. The               
NT – McWMcW also used only 0.4 mm more water at the smallest difference recorded at 62 days after 
planting.  
Conventional tilled McWMcW used 23.0% (109.7 mm) water and NT 19.9% (99.1 mm) up to anthesis 
(92 days after planting). Water usage until the end of anthesis was 63.7% (318.1 mm) for NT – 
McWMcW while it was 56.0% (266.7 mm) for CT. From anthesis to start of maturity, NT – McWMcW 
used 68.3%         (340.9 mm) of its total water usage and CT used 62.5% (298.0 mm). The water usage 
was about 3.2% (10.6 mm) higher for CT – McWMcW until anthesis, thereafter NT have used almost 
8% (51.4 mm) more water until end of anthesis. From anthesis until the start of maturity, water usage 
was still higher for NT – McWMcW by about 6% (42.9 mm). 
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Table 5.5. Soil water balance for medics-clover – wheat – medics-clover – wheat under conventional tillage (CT –McWMcW) during the 2013 growing season. 
All values are in mm. 
McWMcW - CT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 5.3 12.3 9.0 8.3 6.6 10.2 16.6 10.9 9.6 18.2 17.6 15.7 16.1 11.2 8.9 7.7 15.0 6.2 4.0 5.0 3.8 11.2 7.6 3.7 
100 – 200 16.2 31.1 26.1 22.2 20.9 24.6 33.7 25.3 21.9 36.1 34.9 29.1 32.4 24.3 19.7 17.3 22.5 15.7 12.4 13.2 11.4 16.4 20.3 14.4 
200 – 300 13.9 27.2 24.3 21.7 20.6 22.1 28.8 22.8 20.4 32.6 31.4 27.1 27.8 22.2 18.4 16.8 15.5 15.5 12.8 12.7 11.7 12.0 16.3 14.0 
300 – 400 11.2 26.5 25.3 24.0 22.8 24.4 27.3 24.4 22.9 38.8 35.3 30.3 29.2 25.7 20.7 19.1 17.5 17.3 14.3 13.9 12.9 13.1 14.7 14.4 
400 – 500 11.0 28.7 28.1 27.4 26.9 28.2 30.2 27.9 27.1 43.6 40.3 33.6 32.3 30.3 26.1 24.2 22.3 21.7 18.4 17.8 16.6 16.6 17.8 17.6 
500 – 600 8.2 23.4 22.8 22.3 21.8 22.5 23.9 22.5 22.1 40.8 36.1 29.3 27.2 25.7 22.6 20.9 19.7 18.7 15.8 14.9 14.1 14.0 14.7 14.6 
600 – 700 9.0 25.6 24.1 23.4 23.0 23.4 24.8 23.7 23.2 43.8 40.1 34.6 29.2 28.0 25.4 23.7 21.7 20.6 17.5 16.8 15.9 15.6 16.4 16.1 
700 – 800 12.3 38.3 33.7 32.4 31.6 31.5 31.9 31.1 30.8 43.5 41.6 38.9 37.4 34.8 32.3 31.0 29.9 28.3 24.1 23.0 21.9 21.1 22.2 21.7 
800 – 900 13.3 38.4 32.5 31.0 29.1 28.5 28.7 28.0 28.1 42.8 42.4 36.3 34.2 34.3 30.9 29.6 28.6 28.2 24.9 23.6 22.5 22.0 22.9 22.2 
900 – 1000 14.1 37.0 35.0 33.8 32.7 31.4 32.0 31.0 30.7 43.2 42.8 40.6 37.0 37.0 36.0 34.1 33.1 32.4 30.1 28.9 27.6 26.8 27.8 26.8 
Total SWC 114.5 288.7 260.9 246.4 236.1 246.5 278.0 247.8 236.8 383.3 362.6 315.6 302.7 273.5 241.1 224.6 225.8 204.7 174.4 170.0 158.4 168.9 180.7 165.3 
∆S  -174.2 27.8 14.5 10.4 -10.5 -31.5 30.2 11.0 -146.5 20.7 47.0 12.9 29.2 32.4 16.5 -1.2 21.1 30.4 4.4 11.6 -10.5 -11.8 15.4 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  97.3 0.0 0.0 0.0 3.3 3.8 0.0 0.0 81.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  97.3 97.3 97.3 97.3 100.6 104.4 104.4 104.4 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 186.1 
ET  0.0 29.8 17.5 13.2 0.0 0.0 33.5 15.8 0.0 32.7 51.1 40.3 33.0 40.3 20.1 0.0 22.6 30.6 27.5 23.0 1.1 29.3 15.4 
Average ET/day  0.0 3.8 2.9 2.2 0.0 0.0 4.3 2.3 0.0 6.6 7.4 4.4 4.8 5.7 6.7 0.0 3.6 4.5 3.5 3.3 0.2 2.6 2.0 
ΣET  0.0 29.8 47.3 60.5 60.5 60.5 93.9 109.7 109.7 142.4 193.4 233.7 266.7 307.0 327.1 327.1 349.7 380.3 407.8 430.7 431.9 461.2 476.6 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.6. Soil water balance for medics-clover – wheat – medics-clover – wheat under no-tillageage (NT –McWMcW) during the 2013 growing season. All 
values are in mm. 
McWMcW - NT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 4.6 11.7 8.7 8.8 7.8 9.2 17.7 12.7 11.1 28.6 20.1 19.6 18.7 12.3 10.7 9.4 20.5 7.3 4.4 5.8 4.8 11.9 9.5 4.8 
100 – 200 19.7 27.1 23.2 20.5 20.0 22.2 28.6 23.5 21.0 32.5 30.5 25.5 27.3 21.2 17.8 16.3 18.9 15.2 12.5 13.1 11.9 13.1 18.6 14.7 
200 – 300 9.7 13.1 11.7 10.3 10.4 11.0 14.8 11.8 10.4 32.0 19.4 14.0 13.6 11.1 9.1 8.6 8.2 8.1 6.8 6.8 6.4 6.7 8.4 7.6 
300 – 400 10.7 17.9 16.2 16.0 15.9 16.7 17.9 17.2 16.3 46.3 31.8 20.1 18.6 17.0 13.7 12.8 11.7 11.5 9.7 9.4 8.9 9.1 10.4 10.1 
400 – 500 15.3 23.4 22.4 21.6 21.6 21.9 24.0 22.4 21.4 47.7 46.8 25.3 22.8 22.0 19.8 18.4 16.9 16.2 13.8 13.4 12.8 12.9 14.2 13.8 
500 – 600 16.8 24.0 23.5 23.2 23.2 23.5 24.9 24.1 23.7 48.1 47.6 30.3 26.6 26.2 24.7 23.7 22.6 21.6 19.1 18.5 17.8 18.0 19.4 18.9 
600 – 700 12.4 21.8 22.8 20.6 20.7 20.9 22.7 21.0 21.0 43.6 43.8 42.2 27.6 26.4 25.0 23.7 22.9 22.2 20.6 19.6 18.8 18.8 20.6 20.3 
700 – 800 9.8 28.5 29.0 19.7 19.6 19.8 20.3 19.4 19.6 43.7 43.4 42.4 33.5 23.9 22.9 21.7 21.2 20.6 19.5 18.6 18.1 18.4 19.8 19.3 
800 – 900 10.6 40.7 40.8 29.4 28.0 27.6 27.9 27.0 26.8 43.6 43.2 43.5 41.6 36.2 30.8 29.7 29.1 28.2 26.3 25.4 24.8 25.1 26.4 25.8 
900 – 1000 14.9 40.6 41.5 39.7 33.3 30.1 30.5 29.4 29.3 43.0 42.6 42.7 41.4 41.0 37.0 33.3 32.5 31.2 29.0 28.1 27.1 27.6 28.9 28.2 
Total SWC 124.5 248.8 239.8 209.7 200.6 202.8 229.3 208.4 200.4 409.1 369.1 305.5 271.7 237.3 211.4 197.6 204.6 182.1 161.6 158.6 151.2 161.5 176.3 163.5 
∆S  -124.3 9.0 30.1 9.2 -2.3 -26.4 20.8 8.0 -208.7 40.0 63.6 33.8 34.4 25.9 13.8 -7.1 22.5 20.5 2.9 7.5 -10.4 -14.7 12.8 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  47.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 143.9 0.0 0.0 0.0 0.0 0.0 0.0 5.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  47.4 47.4 47.4 47.4 47.4 47.4 47.4 47.4 191.3 191.3 191.3 191.3 191.3 191.3 191.3 197.1 197.1 197.1 197.1 197.1 197.1 197.1 197.1 
ET  0.0 11.0 33.1 11.9 4.8 1.2 24.1 12.9 0.0 51.9 67.7 61.2 38.2 33.7 17.4 0.0 24.1 20.8 26.0 18.9 1.3 26.4 12.8 
Average ET/day  0.0 1.4 5.5 2.0 0.7 0.2 3.1 1.9 0.0 10.5 9.7 6.8 5.5 4.8 5.8 0.0 3.8 3.0 3.3 2.7 0.2 2.4 1.6 
ΣET  0.0 11.0 44.1 56.1 60.9 62.2 86.3 99.1 99.1 151.0 218.7 279.9 318.1 351.8 369.2 369.2 393.2 414.0 440.0 458.9 460.2 486.6 499.4 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.1.1.4 Wheat – canola – wheat – lupins  
These plots were left fallow as mentioned before, therefore water usage was largely due to 
evaporation and to a lesser extent the result of transpiration from weeds and grasses. At 155 and 188 
days after planting of lupins, CT – WCWL (Table 5.7) had the second highest SWC of all treatments. At 
155 days after planting, NT – WCWL (Table 5.8) had the third highest SWC of all treatments, however 
at 188 days after planting (end of season) the NT – WCWL treatment had the highest SWC of all 
treatments. Compared to each other, the SWC was always higher in the CT – WCWL treatment up to 
155 days after planting, whereafter the SWC in the NT – WCWL treatment was higher until the end of 
the season. The SWC varied between 42.4 mm and 1.7 mm. At the end of the season, NT – WCWL 
stored 9.2 mm more water than its CT counterpart.  
The CT treatment had a water table present from 35 days after planting throughout the whole season, 
except at 55 – 62, 85 and 162 days after planting. In the NT treatment a water table was present on 
92 – 97 and again at 180 days after planting. 
The CT – WCWL treatment had the highest cumulative evapotranspiration of all treatments at 62 days 
after planting. The NT – WCWL treatment had the lowest cumulative evapotranspiration of all 
treatments at 155 and 188 days after planting. Cumulative evapotranspiration was always higher for 
the CT – WCWL treatment, compared to NT – WCWL. The smallest difference between these two 
treatments was recorded at 43 days after planting and the largest at the end of the season (188 days) 
when the water usage on CT – WCWL was 73.1 mm more than on the NT treatment, thus indicating 
the positive effects of fallowing under NT in comparison with CT. 
For treatments without phenological crop stages as distinctive markers, water usage will be compared 
at the same dates as the rest. The percentage of total water usage (cumulative evapotranspiration) 
up to 92 days were 28.6% (123.5 mm) for CT – WCWL and 25.3% (90.8 mm) for NT. At 120 days after 
planting the NT treatment have evapotranspirated 66.3% (238.2mm) and CT – WCWL 62.3% (269.3 
mm) of the total seasonal ET. From 92 until 155 days after planting, NT – WCWL have used 63.0% 
(226.1 mm) of its total water usage by ET, while the CT treatment evapotranspirated 56.9%              
(245.9 mm). At 92 days after planting the percentage of water evapotranspirated was 3.3% (32.7 mm) 
higher for CT – WCWL. Although the percentage of water usage was 4% higher at the end of 120 days 
and also 6.1% higher from 92 until 155 days after planting in the NT – WCWL treatment, the amount 
of water evapotranspirated by CT – WCWL was still 31.2 mm and 19.8 mm higher than the NT – WCWL 
treatment. Thus, the amount of water lost by evapotranspiration in the CT treatment was higher 
compared to NT – WCWL throughout the whole season. 
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Table 5.7. Soil water balance for wheat – canola – wheat – lupins under conventional tillage (CT-WCWL) during the 2013 growing season. All values are in 
mm. 
WCWL - CT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 10.2 17.4 13.5 12.8 11.0 14.2 18.6 15.2 12.9 26.5 23.2 19.5 21.5 15.3 12.8 12.1 21.9 10.6 7.1 8.3 6.9 9.2 12.7 7.4 
100 – 200 18.9 30.3 26.4 23.7 22.8 25.3 31.2 25.3 22.8 34.5 33.0 27.3 29.8 24.5 20.5 18.7 21.4 18.1 14.2 14.8 13.2 14.4 21.2 17.0 
200 – 300 13.6 26.3 20.8 18.4 17.6 18.7 21.9 18.5 17.2 31.5 29.4 21.9 22.1 19.4 16.6 14.5 13.1 13.7 11.4 11.7 10.9 10.9 16.2 14.8 
300 – 400 10.2 25.6 17.6 15.7 15.0 15.0 16.9 15.5 15.0 33.5 28.4 19.1 25.4 16.7 14.6 13.2 12.2 12.6 10.3 10.1 9.5 9.4 13.9 13.1 
400 – 500 8.4 21.7 21.6 16.6 15.9 16.0 17.4 16.5 16.1 38.0 33.6 22.7 22.4 20.5 17.0 16.1 15.7 16.5 14.5 14.1 12.7 12.0 15.7 14.7 
500 – 600 11.8 36.2 27.8 24.7 23.3 23.1 26.1 24.4 23.7 45.2 39.2 31.9 37.5 30.0 27.9 26.0 24.9 26.4 22.8 22.9 21.8 20.4 32.2 23.2 
600 – 700 10.3 32.6 27.5 25.7 25.0 24.3 25.5 25.4 24.7 44.4 36.6 36.8 35.8 35.3 31.2 30.7 30.2 32.2 28.7 31.2 27.7 26.9 34.2 31.7 
700 – 800 10.5 31.8 31.6 28.9 27.8 27.0 27.5 27.9 27.5 43.4 42.1 40.1 39.2 39.5 39.0 37.5 36.1 39.2 34.6 35.4 34.3 33.9 37.1 35.5 
800 – 900 12.2 41.0 39.7 38.8 32.5 31.5 35.7 38.0 31.4 43.4 43.2 42.1 40.6 41.0 40.5 40.6 39.7 41.0 37.6 36.1 34.6 36.0 38.3 36.3 
900 – 1000 9.0 28.3 27.9 27.3 27.1 27.1 27.4 27.1 27.1 27.6 27.4 27.3 27.1 27.2 27.0 26.9 27.1 27.7 27.5 26.9 26.5 27.5 28.5 27.5 
Total SWC 115.1 291.2 254.4 232.5 217.9 222.2 248.1 233.6 218.4 368.0 336.1 288.8 301.4 269.4 247.2 236.4 242.4 238.0 208.6 211.5 198.1 200.6 250.0 221.2 
∆S  -176.1 36.7 21.9 14.6 -4.2 -25.9 14.5 15.2 -149.6 31.9 47.3 -12.6 32.1 22.2 10.8 -6.0 4.4 29.4 -2.9 13.4 -2.6 -49.4 28.8 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  99.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 84.9 0.0 0.0 0.0 0.0 0.0 0.0 4.7 0.0 0.0 0.0 0.0 0.0 8.2 0.0 
ΣU  99.1 99.1 99.1 99.1 99.1 99.1 99.1 99.1 184.0 184.0 184.0 184.0 184.0 184.0 184.0 188.7 188.7 188.7 188.7 188.7 188.7 196.9 196.9 
ET  0.0 38.8 24.9 17.4 2.9 1.8 17.8 20.0 0.0 43.8 51.3 14.8 35.9 30.0 14.3 0.0 5.9 29.7 20.2 24.9 9.1 0.0 28.8 
Average ET/day  0.0 4.9 4.2 3.0 0.4 0.2 2.3 3.0 0.0 8.9 7.4 1.6 5.2 4.2 4.8 0.0 0.9 4.4 2.6 3.6 1.3 0.0 3.7 
ΣET  0.0 38.8 63.7 81.1 84.0 85.7 103.5 123.5 123.5 167.3 218.6 233.5 269.3 299.4 313.7 313.7 319.5 349.2 369.4 394.3 403.4 403.4 432.2 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.8. Soil water balance for wheat – canola – wheat – lupins under no-tillage (NT-WCWL) during the 2013 growing season. All values are in mm. 
WCWL - NT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 5.9 9.1 6.8 7.7 7.8 7.1 11.2 8.3 8.0 16.1 16.7 13.9 14.3 11.0 10.5 10.6 15.2 8.8 6.7 7.9 7.2 11.4 9.7 6.1 
100 – 200 17.8 24.2 23.9 27.1 18.9 20.9 25.4 20.8 19.8 29.2 28.4 25.8 32.8 22.9 21.9 21.3 24.1 21.1 17.4 18.6 17.4 19.3 24.8 25.3 
200 – 300 18.4 26.3 23.0 21.1 20.0 21.7 26.0 21.8 20.5 35.8 31.5 25.7 28.6 23.0 21.3 20.9 21.3 21.9 18.8 18.1 17.5 17.4 22.4 21.0 
300 – 400 14.6 28.7 24.6 21.8 20.5 21.2 23.8 21.6 21.0 39.2 34.6 29.5 28.2 24.2 21.1 20.4 20.1 21.7 20.0 19.4 19.6 19.5 24.7 23.0 
400 – 500 16.4 29.2 27.9 26.7 24.9 25.0 27.1 25.8 24.6 45.0 38.2 30.0 29.3 28.7 26.7 24.6 23.7 26.2 23.4 23.4 23.2 23.5 28.3 26.3 
500 – 600 13.0 27.2 25.3 25.2 23.8 24.0 25.1 24.9 23.6 45.1 39.1 27.3 27.1 26.8 25.5 23.9 22.8 25.5 23.0 22.9 22.8 23.1 27.9 26.0 
600 – 700 14.3 31.9 27.8 27.2 27.0 27.3 27.4 27.4 27.3 43.4 43.5 30.5 33.4 29.7 28.5 27.7 26.8 29.1 26.7 26.4 26.1 26.6 34.4 30.0 
700 – 800 16.1 33.9 31.6 31.0 30.4 30.3 30.3 30.3 30.5 42.8 42.9 34.7 34.3 33.1 31.9 31.7 31.4 33.5 31.9 31.3 31.0 31.7 37.9 33.8 
800 – 900 11.8 25.6 24.2 23.7 22.9 22.8 22.8 23.2 23.0 28.9 28.8 28.2 26.7 26.2 24.3 24.1 24.1 27.2 24.8 25.6 24.3 24.6 28.2 25.7 
900 – 1000 4.4 12.7 12.2 11.1 10.7 10.6 10.5 10.7 10.4 12.8 12.7 12.6 12.6 12.4 11.3 11.0 10.9 13.5 11.5 13.1 11.7 11.6 13.5 13.1 
Total SWC 132.8 248.8 227.3 222.6 206.9 211.0 229.6 214.8 208.7 338.2 316.4 258.1 267.2 238.0 223.1 216.1 220.2 228.7 204.1 206.7 200.8 208.9 251.7 230.4 
∆S  -116.0 21.5 4.7 15.7 -4.1 -18.6 14.8 6.0 -129.5 21.8 58.2 -9.1 29.2 14.9 7.0 -4.1 -8.5 24.6 -2.6 5.9 -8.1 -42.8 21.4 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  39.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 64.7 0.0 0.0 0.0 0.0 0.0 0.0 2.9 7.0 0.0 0.0 0.0 0.0 1.7 0.0 
ΣU  39.1 39.1 39.1 39.1 39.1 39.1 39.1 39.1 103.8 103.8 103.8 103.8 103.8 103.8 103.8 106.6 113.6 113.6 113.6 113.6 113.6 115.3 115.3 
ET  0.0 23.6 7.7 18.5 3.0 9.1 18.1 10.8 0.0 33.7 62.3 18.3 33.0 22.8 10.5 0.0 0.0 24.9 20.5 17.3 3.6 0.0 21.4 
Average ET/day  0.0 3.0 1.3 3.2 0.4 1.1 2.3 1.6 0.0 6.9 9.0 2.0 4.8 3.2 3.5 0.0 0.0 3.7 2.6 2.5 0.5 0.0 2.7 
ΣET  0.0 23.6 31.3 49.8 52.7 61.8 80.0 90.8 90.8 124.5 186.8 205.2 238.2 260.9 271.5 271.5 271.5 296.4 316.9 334.2 337.8 337.8 359.1 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.1.1.5 Canola – wheat – lupins – wheat  
The SWC for CT – CWLW treatment (Table 5.9) was lower than the NT – CWLW treatment (Table 5.10) 
from the start of measurements until 140 days after plant whereafter it was higher for CT – CWLW 
until the end of the season, except at 169 days after plant when NT was once again higher than CT. 
The NT – CWLW had the second highest SWC of all treatments on 120 days after planting. The 
differences in the SWC of the CT and NT treatments varied between 65.0 mm and 5.5 mm. The largest 
difference occurred at 35 and the smallest difference 169 days after planting. At the end of the season 
the CT treatment stored 6.4 mm more water than the NT treatment.  
The data show a water table present in the profiles from 92 until 120 days after planting in the                
CT treatment. The NT treatment had a water table from 35 to 55 and from 92 until120 days after 
planting. 
At 92 days after planting the CT – CWLW treatment had the lowest cumulative evapotranspiration of 
all treatments while the NT treatment had the second highest cumulative evapotranspiration of all 
treatments on both, 62 and 92 days after planting. Water usage was higher in the NT – CWLW 
treatment from first measurements until the end of the season. The water usage varied between 4.7 
mm, on 43 days after planting, to 95.1 mm at 180 days after planting. At the end of the season the   
NT – CWLW treatment had used 91.4 mm more water than the CT treatment.  
The water usage up to anthesis (92 days) was 19.3% (78.5 mm) and 27.0% (135.0 mm) for the                  
CT – CWLW and NT – CWLW treatments, respectively. At the end of anthesis (120 days) the water 
usage by the CT treatment was 60.2% (245.4 mm) compared to the 55.7% (277.7 mm) of the NT 
treatment. From anthesis to start of maturity (92 until 155 days after planting) water usage for the CT 
treatment was 65.3% (266.4 mm), with 60.5% (301.8 mm) used in the NT treatment. Thus at anthesis 
the water usage was 7.7% (56.5 mm) higher in the NT –CWLW treatment. Water usage by the NT 
treatment was 4.5% (32.3 mm) lower at 120 days after planting and also during anthesis to start of 
maturity when it was 4.8% (35.4 mm) lower compared to the CT – CWLW treatment. 
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Table 5.9. Soil water balance for canola – wheat – lupins – wheat under conventional tillage (CT-CWLW) during the 2013 growing season. All values are in 
mm. 
CWLW - CT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 11.1 21.7 19.7 18.4 17.2 18.4 24.5 21.3 19.4 25.8 25.7 22.8 25.0 20.0 17.6 15.6 21.4 13.5 9.6 10.3 8.6 11.0 13.3 9.4 
100 – 200 10.4 26.2 20.2 17.5 16.6 18.4 25.0 20.1 18.1 29.4 28.5 22.3 28.1 18.8 16.1 14.3 12.6 12.1 9.4 9.9 8.8 11.7 14.1 11.5 
200 – 300 12.8 30.2 28.4 23.3 22.5 23.5 30.6 26.4 24.1 31.6 29.3 27.2 26.6 23.7 20.8 20.3 19.4 18.5 12.8 12.4 11.0 11.9 15.1 14.3 
300 – 400 11.8 26.4 25.9 23.8 23.4 23.8 26.7 24.5 23.3 31.6 27.8 25.5 23.2 22.4 21.0 20.4 20.1 20.0 17.1 15.4 13.4 13.3 14.7 14.7 
400 – 500 12.1 25.2 24.8 23.9 23.7 23.8 24.8 24.2 23.2 44.6 32.0 27.0 24.6 23.7 22.2 22.0 21.7 22.2 20.4 19.9 19.3 19.5 20.8 20.9 
500 – 600 12.3 26.2 25.6 24.8 25.1 26.6 26.4 26.4 25.7 44.7 39.2 29.4 26.5 25.5 23.8 23.5 23.2 23.7 23.0 21.4 20.9 21.3 22.6 22.1 
600 – 700 9.0 22.9 22.9 22.4 22.4 23.1 22.8 23.0 23.0 44.9 38.6 36.1 27.5 26.6 25.2 24.6 23.9 24.2 23.1 22.5 21.6 21.8 24.1 23.2 
700 – 800 9.2 30.5 25.8 24.9 29.0 31.2 30.7 31.0 30.3 43.3 39.2 38.1 34.9 31.2 29.6 28.7 27.7 27.7 25.7 25.1 24.5 20.5 25.1 23.8 
800 – 900 10.9 28.3 25.6 31.5 30.9 31.2 29.7 30.3 30.6 45.4 44.9 36.9 36.1 35.3 32.0 31.4 31.4 31.6 29.0 28.6 27.8 21.8 28.0 26.0 
900 – 1000 2.4 13.0 8.0 7.8 7.5 7.9 7.5 7.4 7.4 13.1 12.9 8.7 8.2 7.5 6.6 6.0 5.7 6.0 5.5 7.4 5.7 5.9 13.6 8.3 
Total SWC 102.1 250.6 226.8 218.3 218.3 227.8 248.8 234.4 225.2 354.5 318.3 273.9 260.6 234.8 214.9 206.7 207.2 199.4 175.5 172.9 161.4 158.7 191.3 174.2 
∆S  -148.6 23.8 8.6 0.0 -9.5 -21.0 14.4 9.2 -129.3 36.3 44.3 13.3 25.8 19.9 8.2 -0.5 7.8 23.9 2.6 11.5 2.7 -32.6 17.1 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  71.6 0.0 0.0 0.0 2.4 0.0 0.0 0.0 64.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  71.6 71.6 71.6 71.6 74.0 74.0 74.0 74.0 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 138.6 
ET  0.0 25.8 11.6 2.8 0.0 6.7 17.7 14.0 0.0 48.2 48.4 40.7 29.6 27.7 11.8 0.8 9.3 24.2 25.7 22.9 14.4 8.6 17.1 
Average ET/day  0.0 3.2 1.9 0.5 0.0 0.8 2.3 2.1 0.0 9.8 7.0 4.5 4.3 3.9 3.9 0.2 1.5 3.5 3.3 3.3 2.0 0.8 2.2 
ΣET  0.0 25.8 37.4 40.2 40.2 46.8 64.5 78.5 78.5 126.7 175.0 215.8 245.4 273.1 284.9 285.7 295.0 319.1 344.9 367.7 382.1 390.6 407.7 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.10. Soil water balance for canola – wheat – lupins – wheat under no-tillage (NT-CWLW) during the 2013 growing season. All values are in mm. 
CWLW - NT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 8.1 16.6 12.4 11.5 10.1 13.8 22.9 17.7 14.3 29.8 25.4 20.4 22.3 14.7 12.1 10.9 20.6 9.7 6.0 7.8 6.2 10.4 11.6 6.4 
100 – 200 24.5 33.9 30.8 26.3 24.3 28.1 36.1 29.3 25.4 36.8 36.3 31.3 34.2 27.6 22.8 20.6 23.1 19.2 15.2 16.3 14.3 19.4 23.3 18.0 
200 – 300 17.4 28.0 25.3 21.9 20.8 23.4 29.3 23.3 20.0 34.8 32.1 27.4 28.5 24.4 20.1 17.6 15.7 15.5 12.5 12.1 11.2 11.9 15.6 14.1 
300 – 400 11.1 30.0 23.4 22.1 20.9 22.3 22.7 21.1 18.7 37.6 33.2 29.4 27.4 24.2 20.2 17.6 14.9 14.1 11.4 10.9 10.1 10.5 11.8 11.7 
400 – 500 7.7 28.7 23.1 20.0 19.6 19.6 19.6 19.5 17.7 37.4 36.5 29.6 25.2 25.1 19.4 17.9 16.4 14.7 10.8 10.3 9.4 9.4 10.4 10.2 
500 – 600 9.4 35.0 31.4 24.8 24.0 23.7 23.5 27.7 21.6 40.6 37.7 37.2 33.0 31.3 29.4 23.4 21.7 21.2 16.8 16.0 14.7 14.5 15.6 15.3 
600 – 700 9.7 35.6 35.2 31.8 28.3 25.8 31.1 30.8 24.4 42.3 38.5 38.5 36.5 34.0 31.5 28.3 20.9 21.2 19.4 18.7 17.1 16.9 17.7 17.6 
700 – 800 11.6 36.7 36.1 35.4 32.4 31.6 31.1 30.9 30.1 41.8 38.1 37.3 36.1 35.6 30.8 30.0 28.0 28.7 20.9 20.6 19.9 20.0 21.4 21.1 
800 – 900 11.7 33.5 32.8 32.1 28.6 27.9 27.4 27.1 26.8 40.9 35.2 34.5 33.7 33.9 29.6 28.8 28.3 28.2 24.7 23.4 22.5 22.6 23.8 23.5 
900 – 1000 15.1 37.7 36.6 35.7 35.2 33.3 32.9 32.6 32.4 41.0 38.6 37.2 36.7 36.6 35.2 33.5 33.1 33.5 31.2 30.0 28.5 28.6 30.1 29.8 
Total SWC 126.2 315.6 287.1 261.8 244.1 249.5 276.7 260.0 231.4 383.0 351.7 322.8 313.5 287.5 251.1 228.8 222.6 205.9 169.0 166.0 154.0 164.2 181.2 167.8 
∆S  -189.4 28.5 25.3 17.7 -5.4 -27.2 16.8 28.6 -151.7 31.3 28.9 9.3 26.0 36.4 22.3 6.2 16.7 36.9 3.0 12.0 -10.2 -17.0 13.4 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  112.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 86.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  112.5 112.5 112.5 112.5 112.5 112.5 112.5 112.5 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 199.4 
ET  0.0 30.5 28.3 20.5 1.7 0.4 20.0 33.4 0.0 43.2 33.0 36.7 29.8 44.2 25.8 7.5 18.2 37.2 26.1 23.4 1.5 24.1 13.4 
Average ET/day  0.0 3.8 4.7 3.5 0.2 0.1 2.6 4.9 0.0 8.8 4.7 4.0 4.3 6.3 8.5 1.9 2.9 5.5 3.3 3.3 0.2 2.2 1.7 
ΣET  0.0 30.5 58.8 79.4 81.1 81.5 101.6 135.0 135.0 178.2 211.2 247.9 277.7 322.0 347.8 355.3 373.5 410.6 436.7 460.1 461.6 485.7 499.1 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.1.1.6 Wheat – lupins – wheat – canola  
The CT – WLWC treatment (Table 5.11) had the second lowest SWC of all treatments 92 days after 
planting. NT - WLWC (Table 5.12) had the second lowest and the lowest SWC of all treatments at 155 
and 188 days after planting, respectively. Until 113 days after planting the WLWC tillage treatment 
with the highest SWC varied greatly. However from 120 days after planting and onwards, the                   
CT – WLWC treatment had a higher SWC until the end of the season. There were two occasions when 
the difference between CT and NT was 40.0 mm, which were the largest differences recorded. The 
first was 97 days after plant when the SWC was 40.0 mm higher in the NT – CWLW treatment and the 
other was 147 days after plant when SWC was 40.0 mm higher for the CT – CWLW treatment. The 
smallest difference was recorded 113 days after planting when SWC were 1.4 mm higher in the NT 
treatment. At the end of the season the CT – CWLW treatment stored 27.4 mm more water compared 
to NT. Some of the plots for this crop sequence had heavy weed infestation. 
Ninety two days after planting was the only time when a water table was noted in the CT treatment, 
but in the NT treatment, a water table was present from 92 until 97 days after planting. 
Cumulative evapotranspiration in the CT – CWLW treatment had the lowest and second lowest water 
usage of all treatments at 120 and 155 days after planting, respectively. The NT – CWLW treatment 
had the highest water usage of all treatments 92 days after plant right through until the end of the 
season. The water usage between the two tillage treatments was always higher for NT and the 
difference varied between 28.7 and 122 mm. The smallest difference recorded was 43 days after plant 
while the largest was 147 days after plant. Water usage at the end of the season was 109.4 mm higher 
for the NT – CWLW treatment.  
The water usage up to full bloom (92 days after planting) was 20.6% (83.2 mm) of total seasonal usage 
for CT and 26.4% (135.4 mm) for NT. Percentage water usage until anthesis (120 days after planting) 
was 56.7% (228.8 mm) and 62.5% (320.6 mm) for CT and NT, respectively. During the period from full 
bloom up to start of maturity (92 to 155 days after planting) the water usage differed minimally in 
terms of the percentage of total water usage for each individual treatment, with CT using 60.1%   
(242.8 mm) and NT 60.5% (310.3 mm) during this time. Water usage was 5.8% (52.1 mm) higher for 
the NT – CWLW treatment at full bloom (52.1 mm) and anthesis (91.7 mm). While water usage differed 
by only 0.4% between full bloom and the start of maturity, the NT – WLWC treatment used 67.4 mm 
more water compared to CT.
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Table 5.11. Soil water balance for wheat – lupins – wheat – canola under conventional tillage (CT-WLWC) during the 2013 growing season. All values are in 
mm. 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
WLWC - CT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 9.6 17.8 16.2 15.9 15.3 16.9 21.9 19.1 17.6 23.9 22.9 19.9 21.5 17.7 14.3 12.9 17.0 11.0 8.0 8.2 6.9 8.0 8.9 6.1 
100 – 200 19.3 30.3 28.1 25.3 25.2 27.8 32.9 29.2 26.9 34.2 33.1 28.7 30.4 26.7 23.4 21.5 22.2 20.0 15.4 15.7 13.6 14.0 17.3 14.3 
200 – 300 19.3 32.3 30.9 28.4 27.9 30.4 33.5 30.4 29.5 35.1 33.8 30.8 30.8 28.9 26.3 25.4 25.2 25.0 20.6 19.6 16.5 16.4 18.5 16.6 
300 – 400 19.5 32.1 31.2 29.4 29.0 30.2 32.0 29.0 28.5 37.0 33.6 31.2 29.6 29.1 27.5 26.6 26.1 26.3 25.2 24.2 20.2 19.1 20.6 19.1 
400 – 500 17.6 29.6 29.4 27.8 27.5 27.5 28.7 26.1 25.7 38.2 32.2 29.8 28.0 28.1 26.9 25.8 25.0 25.0 23.7 23.1 22.2 21.8 23.7 22.1 
500 – 600 14.6 25.2 25.8 24.6 24.3 23.9 23.7 23.4 23.0 35.8 31.5 27.6 25.9 26.1 24.8 24.2 23.5 23.6 22.8 22.0 21.2 21.5 22.6 22.1 
600 – 700 13.5 23.6 24.1 23.0 23.0 22.7 23.0 22.4 22.4 38.5 33.3 29.8 27.3 27.4 26.2 25.7 25.3 25.1 23.9 23.4 22.6 22.7 23.8 23.2 
700 – 800 7.0 14.1 10.7 10.0 9.8 9.8 9.5 9.4 9.1 28.2 21.0 20.2 13.7 13.2 12.2 11.8 11.6 11.0 9.9 9.3 8.9 8.6 9.1 8.8 
800 – 900 6.5 16.6 16.5 12.1 11.7 11.5 11.4 11.1 10.9 28.1 22.9 22.2 17.2 15.9 15.0 14.5 14.6 13.9 12.6 12.1 11.6 11.3 12.0 11.7 
900 – 1000 7.1 19.1 19.0 16.6 15.5 15.3 15.3 14.6 14.5 28.6 22.2 21.5 19.8 16.2 15.7 15.2 15.2 14.7 13.2 12.8 12.2 12.1 12.9 12.6 
Total SWC 133.9 240.6 232.2 213.1 209.3 216.1 231.9 214.8 208.1 327.6 286.5 261.7 244.2 229.1 212.3 203.7 205.7 195.7 175.4 170.2 155.8 155.7 169.5 156.7 
∆S  -106.7 8.5 19.1 3.9 -6.9 -15.7 17.1 6.7 -119.4 41.1 24.9 17.4 15.1 16.9 8.5 -2.0 10.1 20.3 5.2 14.4 0.2 -13.8 12.8 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  29.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 54.7 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  29.8 29.8 29.8 29.8 29.8 29.8 29.8 29.8 84.5 84.5 84.5 84.5 84.5 84.5 84.5 85.2 85.2 85.2 85.2 85.2 85.2 85.2 85.2 
ET  0.0 10.5 22.1 6.6 0.2 11.9 20.4 11.5 0.0 53.0 28.9 44.8 18.9 24.7 12.1 0.0 11.6 20.5 28.2 25.8 11.8 27.3 12.8 
Average ET/day  0.0 1.3 3.7 1.1 0.0 1.5 2.6 1.7 0.0 10.7 4.2 4.9 2.7 3.5 4.0 0.0 1.8 3.0 3.6 3.7 1.7 2.5 1.6 
ΣET  0.0 10.5 32.6 39.2 39.4 51.4 71.7 83.2 83.2 136.2 165.1 209.9 228.8 253.6 265.7 265.7 277.2 297.8 326.0 351.8 363.6 390.9 403.8 
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Table 5.12. Soil water balance for wheat – lupins – wheat – canola under no-tillage (NT-WLWC) during the 2013 growing season. All values are in mm. 
WLWC - NT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 17.4 24.4 21.9 20.3 19.4 21.2 28.1 22.3 20.4 29.1 29.0 27.8 27.6 24.4 19.8 16.5 23.2 13.6 9.5 10.8 8.1 12.4 13.6 8.8 
100 – 200 27.0 32.3 30.3 27.5 26.6 28.8 33.8 30.0 27.4 33.8 33.9 30.8 32.7 29.0 24.8 21.9 19.9 19.2 14.9 15.3 13.8 14.6 18.8 15.8 
200 – 300 15.3 22.4 19.0 16.2 15.7 17.3 28.0 17.4 15.9 30.5 29.5 19.9 21.8 17.9 15.2 13.7 12.0 11.7 9.4 9.0 8.5 8.5 10.4 9.4 
300 – 400 12.1 24.9 25.1 13.3 13.0 15.3 27.8 17.1 13.5 38.3 29.2 17.2 27.4 15.3 12.8 12.0 11.5 10.8 9.1 8.7 8.4 8.2 9.3 8.6 
400 – 500 12.1 25.9 25.8 25.6 25.1 26.2 28.2 27.4 22.5 37.4 35.7 27.8 26.7 24.3 19.2 17.5 17.3 16.6 15.0 14.2 13.6 13.4 14.5 14.1 
500 – 600 12.5 26.6 27.0 26.6 26.3 26.8 27.4 27.2 27.4 38.6 35.5 27.3 26.2 26.4 24.5 18.5 18.2 18.2 16.5 16.0 15.7 15.7 16.3 16.2 
600 – 700 12.6 23.8 23.8 24.1 23.3 23.6 24.6 24.2 24.3 46.9 39.4 28.4 27.2 27.8 26.7 26.0 20.7 22.7 16.4 15.7 15.1 15.1 15.6 15.2 
700 – 800 11.2 28.1 25.9 25.3 25.4 25.6 26.0 25.4 25.6 45.8 39.4 34.6 26.7 27.0 26.2 25.6 26.0 26.0 20.4 19.9 18.7 19.0 19.7 19.7 
800 – 900 6.5 28.9 10.2 9.4 9.0 9.5 9.5 9.3 9.4 29.2 26.4 21.9 14.0 13.8 13.0 12.2 12.6 12.4 11.5 10.9 10.0 10.0 10.6 10.3 
900 – 1000 6.3 28.6 19.9 10.5 9.9 10.4 10.4 10.2 10.3 28.7 28.5 20.1 15.4 14.3 13.8 13.3 13.5 13.4 12.6 12.1 11.7 11.2 11.8 11.3 
Total SWC 133.1 266.0 228.9 198.9 193.7 204.8 243.8 210.8 196.7 358.2 326.5 255.7 245.7 220.2 195.9 177.2 174.9 164.5 135.4 132.6 123.5 128.2 140.5 129.2 
∆S  -133.0 37.1 30.0 5.2 -11.1 -39.0 33.0 14.0 -161.5 31.7 70.8 10.0 25.5 24.2 18.7 2.3 10.4 29.1 2.8 9.1 -4.7 -12.3 11.3 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  56.0 0.0 0.0 0.0 4.0 11.4 0.0 0.0 96.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  56.0 56.0 56.0 56.0 60.0 71.4 71.4 71.4 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 168.1 
ET  0.0 39.2 33.0 8.0 0.0 0.0 36.3 18.9 0.0 43.6 74.8 37.5 29.3 32.1 22.3 3.5 12.0 29.3 25.9 20.5 7.0 28.8 11.3 
Average ET/day  0.0 4.9 5.5 1.4 0.0 0.0 4.6 2.8 0.0 8.8 10.8 4.1 4.3 4.5 7.4 0.9 1.9 4.3 3.3 2.9 1.0 2.6 1.4 
ΣET  0.0 39.2 72.2 80.2 80.2 80.2 116.5 135.4 135.4 179.0 253.8 291.3 320.6 352.6 374.9 378.4 390.4 419.7 445.6 466.1 473.1 501.9 513.2 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.1.1.7 Lupine – wheat – canola – wheat  
The SWC in the CT – LWCW (Table 5.13) treatment was the lowest of all treatments 62 days after 
planting. The SWC was always higher in NT – LWCW (Table 5.14) compared to the CT treatment and 
varied between 22.8 mm and 92.7 mm. The largest difference was recorded 35 days after planting 
while the smallest was 169 days after planting. At the end of the growing season the NT – LWCW 
treatment stored 28.8 mm more water than its CT counterpart. 
The CT treatment had a water table present from 92 – 104 days after planting. In the NT treatment 
there was a water table observed at 35 to 62 days and also from 92 – 130 days after planting. 
The cumulative evapotranspiration for the CT – LWCW treatment was the lowest of all treatments at 
62 days after plant and the second lowest 92 and 120 days after plant. The water usage was always 
higher for NT – LWCW and usage between the two tillage treatments varied from 12.4 mm to              
66.9 mm. The smallest difference was recorded 43 days after planting and the largest 169, days after 
planting. At the end of the season the NT – LWCW treatment had used 60.9 mm more water compared 
to the CT treatment. 
The water usage up to anthesis (92 days after planting) was 19.4% (83.1 mm) of total seasonal usage 
for CT - LWCW and 24.5% (120.0 mm) for NT – LWCW. The end of anthesis (120 days) showed 54.9% 
(235.8 mm) and 57.4% (281.1 mm) of water have been used by CT and NT. The percentage of water 
used during anthesis to start of maturity (92 to 155 days after planting) was 65.4% (280.7 mm) for CT 
and 61.6% (301.8 mm) in NT, respectively. Thus, in NT water usage was 5.1% (36.9 mm) higher from 
start, and 2.5% (45.3 mm) at the end of anthesis. However the water usage during anthesis to start of 
maturity was 3.8% (21.1 mm) higher in the CT treatment. 
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Table 5.13. Soil water balance for lupins – wheat – canola - wheat under conventional tillage (CT-LWCW) during the 2013 growing season. All values are in 
mm. 
LWCW - CT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 12.8 26.4 22.6 19.5 18.0 21.6 30.1 21.6 18.3 32.7 31.6 26.3 27.8 19.8 16.0 13.7 21.1 12.0 8.4 9.9 7.8 12.7 16.4 10.5 
100 – 200 17.3 32.6 28.0 24.1 22.7 25.2 31.0 24.4 21.5 35.1 33.4 29.0 28.2 23.3 18.7 15.9 14.8 13.6 10.9 11.2 9.8 13.0 17.0 13.4 
200 – 300 14.1 28.8 26.1 23.4 22.0 23.4 25.6 22.0 19.9 35.5 32.5 27.4 25.4 22.1 17.6 15.3 13.6 13.0 10.7 10.3 9.6 10.8 12.6 11.8 
300 – 400 8.5 19.1 18.0 16.6 16.3 17.0 17.3 16.6 15.7 31.6 31.6 22.7 20.2 18.6 15.8 13.8 12.0 11.1 9.2 8.8 8.2 8.6 9.5 9.3 
400 – 500 9.5 25.3 24.6 23.4 22.3 22.5 23.1 22.6 23.0 35.0 34.5 31.0 27.0 26.5 24.6 22.9 20.7 18.5 14.9 14.3 13.4 13.7 14.8 14.5 
500 – 600 10.7 24.0 23.6 22.6 22.6 22.9 22.3 21.6 22.4 32.4 32.7 31.2 27.6 27.3 26.2 25.6 24.5 22.5 19.1 17.8 16.7 17.0 17.4 16.9 
600 – 700 9.5 17.8 17.5 17.1 17.2 17.1 17.1 16.8 17.2 38.3 32.2 30.7 26.8 25.0 24.3 23.9 23.6 22.0 19.0 17.6 16.5 16.6 16.9 16.3 
700 – 800 10.3 17.0 17.8 17.6 17.8 17.7 17.7 17.4 18.0 42.8 33.0 33.1 31.5 27.4 25.3 25.1 25.3 24.2 21.9 20.5 19.2 19.3 19.4 18.6 
800 – 900 10.0 13.6 15.7 15.6 15.7 15.7 15.6 15.4 15.8 41.8 36.5 36.4 33.2 32.5 27.0 26.2 26.5 25.8 24.2 22.7 21.6 21.8 21.8 21.0 
900 – 1000 4.9 6.5 8.2 8.1 8.2 8.2 8.2 8.2 8.2 14.5 14.4 14.4 12.1 11.7 11.4 11.4 11.5 11.4 10.9 10.4 10.0 10.2 10.5 10.2 
Total SWC 107.5 211.1 202.2 188.0 183.0 191.3 208.0 186.6 179.9 339.6 312.4 282.2 259.8 234.1 206.8 193.8 193.7 174.1 149.3 143.5 132.8 143.8 156.3 142.5 
∆S  -103.5 8.9 14.1 5.0 -8.3 -16.6 21.4 6.7 -159.7 27.2 30.1 22.4 25.7 27.3 13.0 0.2 19.5 24.8 5.8 10.8 -11.0 -12.4 13.8 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  26.6 0.0 0.0 0.0 1.2 0.0 0.0 0.0 94.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  26.6 26.6 26.6 26.6 27.9 27.9 27.9 27.9 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 122.8 
ET  0.0 10.9 17.1 7.8 0.0 11.1 24.7 11.5 0.0 39.1 34.2 49.8 29.5 35.1 16.5 1.4 21.1 25.1 28.8 22.2 0.6 28.7 13.8 
Average ET/day  0.0 1.4 2.9 1.3 0.0 1.4 3.2 1.7 0.0 7.9 4.9 5.5 4.3 5.0 5.5 0.4 3.3 3.7 3.7 3.2 0.1 2.6 1.8 
ΣET  0.0 10.9 28.1 35.9 35.9 46.9 71.6 83.1 83.1 122.3 156.4 206.3 235.8 270.9 287.4 288.9 309.9 335.0 363.8 386.0 386.7 415.3 429.1 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.14. Soil water balance for lupins – wheat – canola - wheat under no-tillage (NT-LWCW) during the 2013 growing season. All values are in mm. 
LWCW - NT                         
Days after planting 22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 
Date 
 

































































































































































































0 – 100 9.2 15.7 11.3 10.3 9.7 11.5 20.6 14.2 12.4 23.6 23.6 19.4 21.0 14.9 12.0 10.4 19.0 8.9 5.5 6.9 5.3 7.2 9.7 5.0 
100 – 200 19.1 29.5 24.8 20.3 19.0 22.6 32.8 22.9 20.2 36.1 35.8 28.3 30.3 22.3 18.2 16.3 17.5 14.8 11.7 12.3 10.7 13.3 17.4 12.8 
200 – 300 18.2 28.8 27.3 24.6 23.0 25.1 32.3 23.8 21.3 37.7 36.6 29.7 28.8 24.0 20.0 18.2 16.7 16.2 13.3 12.8 11.8 12.4 16.5 14.2 
300 – 400 16.8 28.3 27.3 25.3 24.5 26.6 29.7 24.1 21.5 38.9 37.8 30.7 26.7 24.1 21.1 19.2 17.8 17.0 14.0 13.4 12.3 12.5 14.3 13.5 
400 – 500 15.6 27.8 27.1 25.3 24.8 26.5 26.8 24.2 22.1 39.4 38.3 35.3 25.9 23.6 21.3 19.9 18.7 17.7 15.2 14.3 13.2 13.1 14.1 13.6 
500 – 600 12.5 23.7 24.2 21.5 21.3 22.3 22.3 21.0 19.5 43.1 39.3 35.3 32.5 26.8 24.4 22.4 20.8 19.4 16.9 16.0 14.8 14.6 15.7 15.3 
600 – 700 13.8 35.4 35.7 34.7 29.1 29.2 29.7 28.8 28.4 44.4 39.3 37.8 36.5 36.1 30.1 28.7 27.7 25.5 22.0 20.8 19.5 18.8 20.1 19.6 
700 – 800 11.5 33.9 32.1 31.4 31.3 28.9 29.0 28.2 28.2 42.5 37.7 35.7 34.0 33.3 30.9 29.2 29.1 27.2 23.5 22.7 21.4 21.1 22.2 22.0 
800 – 900 12.8 39.0 34.4 33.9 33.6 29.9 29.9 29.2 29.4 44.1 43.3 37.4 35.6 35.6 34.9 31.1 31.4 30.2 27.2 26.3 25.4 25.0 26.3 25.8 
900 – 1000 12.2 41.7 38.2 37.2 37.3 37.0 32.7 31.7 31.5 42.6 42.8 39.4 38.0 37.8 36.9 36.6 33.0 32.7 30.8 29.8 29.0 28.7 30.2 29.6 
Total SWC 141.7 303.7 282.4 264.5 253.6 259.7 285.8 248.2 234.5 392.4 374.6 328.9 309.1 278.5 249.9 232.1 231.7 209.7 180.1 175.3 163.4 166.7 186.6 171.3 
∆S  -162.1 21.3 17.9 10.9 -6.1 -26.1 37.6 13.7 -157.9 17.8 45.7 19.8 30.6 28.6 17.8 0.4 22.0 29.6 4.8 12.0 -3.3 -19.9 15.3 
P  76.9 2.0 3.0 2.8 7.1 27.7 3.3 4.8 64.8 11.9 4.1 27.4 3.8 7.8 3.6 1.3 1.5 0.3 23.1 11.4 11.7 41.1 0.0 
ΣP  76.9 79.0 82.0 84.8 91.9 119.5 122.8 127.6 192.4 204.3 208.4 235.8 239.6 247.4 251.0 252.2 253.8 254.0 277.1 288.5 300.2 341.3 341.3 
U  85.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 93.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  85.2 85.2 85.2 85.2 85.2 85.2 85.2 85.2 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 178.3 
ET  0.0 23.4 20.9 13.7 1.0 1.5 40.9 18.5 0.0 29.8 49.7 47.2 34.4 36.4 21.4 1.6 23.5 29.9 27.9 23.4 8.4 21.2 15.3 
Average ET/day  0.0 2.9 3.5 2.3 0.1 0.2 5.2 2.7 0.0 6.0 7.2 5.2 5.0 5.2 7.1 0.4 3.7 4.4 3.6 3.3 1.2 1.9 2.0 
ΣET  0.0 23.4 44.3 58.0 59.0 60.6 101.4 120.0 120.0 149.7 199.5 246.7 281.1 317.5 338.9 340.5 364.0 393.9 421.8 445.1 453.5 474.7 490.0 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.2 2013 – 2014 Fallow period  
The 2013 – 2014 fallow season started on 13 November 2013, as soon as the 2013 growing season 
ended until the first water measurements were taken right after planting on 22 May 2014. The last 
SWC and cumulative evapotranspiration measurements of the 2014 growing season was discussed in 
the previous sub-section, therefore in the fallow period the measurements six days after the start will 
be discussed along with 68 (first stage), 131 (second stage) and 190 (third stage) days after the start 
of fallow. The reason for using six days after the start of fallow is also the fact that a huge rainstorm 
of 153 mm occurred the same week that fallowing started, thus almost saturating all the soil profiles. 
It would be irrelevant to use the SWC at the end of the 2013 growing season as differences in SWC, 
caused by different crops and tillage practices during the 2013 growing season, was eradicated to a 
large extent after the heavy rainstorm. The last crop in the sequence indicates what crop residue was 
on field when fallow started. 
5.1.2.1 Soil water balances 
The water balance of each tillage and crop rotation combination during the fallow period follows. The 
same notations used in the previous soil water balance tables are used here, except that all instances 
previously regarded as evapotranspiration are only evaporation in this case, as there were no crops 
growing on the plots that could transpire. “Days after planting” are also replaced with “days after 
fallow started”. 
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5.1.2.1.1 Wheat monoculture 
The SWC in the CT – WWWW treatment (Table 5.15) were lower than the NT – WWWW treatment 
(Table 5.16) throughout the fallow period. The NT – WWWW treatment had the second highest SWC 
at 6 days after the start of fallow and the highest SWC of all treatments on 68 and 190 days after fallow 
started. The smallest difference in SWC was 56.3 mm at 6 days after fallow started, whereas the largest 
difference was 65.8 mm and recorded 14 days into the fallow period. At the end of fallow,                         
NT – WWWW stored 47.1 mm more water than the CT – WWWW treatment. Higher soil water content 
throughout the 2013 growing season in the NT – WWWW treatment was possibly the cause for higher 
water content during the fallow period as well, as the soil profile was never totally depleted. 
The presence of a water table was observed from 6 until 76 days after the start of the fallow period in 
the CT treatments, while there was also a water table present in the no-tillage from 6 days until 131 
days after fallow started. 
The largest difference in cumulative evaporation (28.1 mm) recorded between the CT and NT 
treatments of the WWWW sequence occurred 14 days after fallow started. The smallest difference 
(10.3 mm) between these treatments occurred 131 days into fallow. At the end of fallow the                    
CT – WWWW treatment lost 18.9 mm more water by evaporation compared to NT. 
During the first 68 days of fallow, 59.9% (380.6 mm) for CT and 57.3% (353.6 mm) for NT, of the total 
cumulative evaporation occurred. In the next 63 days only 20.3 % (129.1 mm) in CT and 23.6%       
(145.8 mm) in NT evaporated, while 19.8% (125.9 mm) for CT and 19.0% (117.3 mm) for NT evaporated 
during the last 59 days of fallow. Therefore the percentage of the total cumulative evaporation was 
2.5% (27.0 mm) higher for CT during the first 68 days of fallow and 3.3% (16.7 mm) higher for NT 
during the next 63 days. In the last 59 days of fallow it was 0.8% (8.6 mm) higher for CT. 
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Table 5.15. Soil water balance for wheat monoculture under conventional tillage (CT – WWWW) during the 2013 – 2014 fallow period. All values are in mm. 
WWWW - CT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 3.7 23.1 21.5 15.4 12.4 11.6 9.5 19.5 
100 – 200 14.2 39.4 34.1 31.3 27.9 27.7 20.8 20.1 
200 – 300 13.1 43.6 32.6 28.6 27.2 26.5 22.1 20.6 
300 – 400 13.4 45.4 40.6 31.3 28.6 27.3 22.6 17.1 
400 – 500 14.6 44.8 34.9 29.1 28.0 27.2 21.5 13.9 
500 – 600 16.7 44.8 40.6 35.1 31.0 30.1 24.0 24.2 
600 – 700 21.6 42.4 37.2 38.1 36.0 33.4 31.2 30.3 
700 – 800 23.5 41.3 39.6 40.6 40.1 34.0 32.8 27.4 
800 – 900 13.7 28.8 25.6 25.6 25.1 23.9 21.7 26.7 
900 – 1000 18.4 30.3 29.7 28.3 27.7 25.7 23.1 23.6 
Total SWC 152.8 383.9 336.5 303.2 284.1 267.3 229.2 223.4 
∆S  -231.1 47.4 33.3 19.1 16.8 38.1 5.8 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  77.4 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  77.4 77.4 77.4 77.4 77.4 77.4 77.4 
E  0.0 62.8 317.7 20.1 37.4 71.5 125.9 
Average E/day   0.0 7.9 5.9 2.6 2.6 1.8 2.1 
ΣE  0.0 62.8 380.6 400.7 438.1 509.6 635.5 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation  
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Table 5.16. Soil water balance for wheat monoculture under no-tillage (NT – WWWW) during the 2013 – 2014 fallow period. All values are in mm. 
WWWW - NT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 7.3 34.4 31.2 27.1 21.2 19.5 14.2 31.6 
100 – 200 14.6 42.7 38.0 33.1 30.5 28.6 22.6 27.5 
200 – 300 16.0 44.2 41.0 38.4 35.0 33.2 27.9 27.6 
300 – 400 19.4 47.2 43.3 41.5 37.7 36.3 30.4 27.8 
400 – 500 22.9 47.5 46.1 41.3 37.5 35.9 29.6 30.7 
500 – 600 24.9 46.7 45.8 39.9 36.9 34.5 30.7 29.8 
600 – 700 32.0 45.8 45.0 40.2 40.3 37.9 35.0 25.1 
700 – 800 34.4 44.9 44.7 41.0 41.0 37.7 35.3 25.2 
800 – 900 22.8 29.0 28.6 27.0 25.8 23.1 19.7 22.7 
900 – 1000 24.4 29.7 29.2 29.0 26.1 25.1 22.3 22.4 
Total SWC 218.6 412.2 392.9 358.5 332.0 311.9 267.8 270.6 
∆S  -193.5 19.3 34.3 26.6 20.1 44.1 -2.7 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  39.9 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  39.9 39.9 39.9 39.9 39.9 39.9 39.9 
E  0.0 34.8 318.8 27.6 40.6 77.6 117.3 
Average E/day   0.0 4.4 5.9 3.6 2.8 1.9 2.0 
ΣE  0.0 34.8 353.6 381.1 421.8 499.3 616.6 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation 
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5.1.2.1.2 Wheat – medic-clover – wheat – medic-clover 
In the WMcWMc sequence, the SWC was higher in the CT – WMcWMC treatment (Table 5.17), except 
at the end of fallow when SWC was higher in the NT – WMcWMc treatment (Table 5.18). Soil water 
content differnces varied from 14.6 mm (6 days into fallow) to 67.8 mm (131 days into fallow) between 
tillage treatments. The SWC in the NT – WMcWMc treatment was the second lowest of all treatments 
at 68 and 131 days after fallow. At the end of fallow, the NT – WMcWMc treatment stored 23.8 mm 
more water compared to the CT treatment. 
The presence of a water table which decreased from 6 until 90 days after planting was observed in 
the CT treatment, with no water table present at the end of fallow. In the NT treatment a water table 
was observed only once, namely at 6 days into the fallow period. 
The NT – WMcWMc treatment had the second highest cumulative evaporation 68 days after fallow 
started, however this treatment also had the second lowest cumulative evaporation at the end of the 
fallow period. Throughout fallow the cumulative evaporation in the WMcWMc sequence was higher 
in the NT treatment except at the end of the fallow period when it was higher for the CT treatment. 
The smallest difference was 23.5 mm, 14 days into fallow. The largest difference recorded, was 53.2 
mm at 131 days after the start of fallow. At the end of the fallow period, the CT lost 38.3 mm more 
water by evaporation compared to NT. 
Percentage of total cumulative evaporation during the first 68 days of fallow was 58.4% (380.9 mm) 
in CT and 68.9% (423.3 mm) in NT. During the next 63 days, 16.8% (490.4 mm) in CT and 19.6%       
(543.6 mm) in NT of total cumulative evaporation took place. In CT 24.8% (162.0 mm) and 11.5% (70.5 
mm) in NT evaporated during the last 59 days. Thus, the percentage of total cumulative evaporation 
was 10.6% (42.4 mm) higher for NT after the first 68 days and only 2.8 % (10.8 mm) higher during the 
next 63 days. In the last 59 days of fallow, it was 13.4% (91.5 mm) higher for CT. 
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 Table 5.17. Soil water balance for wheat – medics-clover – wheat – medics-clover under conventional tillage (CT – WMcWMc) during the 2013 – 2014 fallow 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation  
WMcWMc - CT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 6.1 26.3 23.5 13.7 10.8 11.2 6.7 21.6 
100 – 200 14.9 36.9 34.0 25.9 23.9 22.1 18.3 18.9 
200 – 300 13.7 36.6 31.9 28.4 27.2 24.6 21.4 18.3 
300 – 400 15.0 41.3 34.4 31.0 30.8 30.8 27.2 16.8 
400 – 500 19.4 44.6 37.3 33.2 32.8 33.1 29.7 21.2 
500 – 600 24.1 44.4 38.4 35.8 35.2 33.5 31.0 20.1 
600 – 700 26.4 43.4 39.0 39.3 37.9 35.9 32.1 19.5 
700 – 800 29.1 42.8 39.2 38.3 38.1 36.5 33.8 18.9 
800 – 900 14.6 28.5 23.8 22.2 21.8 19.8 17.5 20.2 
900 – 1000 18.4 28.6 28.4 24.4 23.8 22.3 20.0 20.5 
Total SWC 181.7 373.2 330.0 292.2 282.2 269.8 237.8 195.9 
∆S  -191.5 43.2 37.7 10.1 12.3 32.0 42.0 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  37.9 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  37.9 37.9 37.9 37.9 37.9 37.9 37.9 
E  0.0 58.7 322.2 11.1 32.9 65.5 162.0 
Average E/day   0.0 7.3 5.9 1.6 2.2 1.6 2.7 
ΣE  0.0 58.7 380.9 392.0 424.9 490.4 652.4 
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 Table 5.18. Soil water balance for wheat – medics-clover – wheat – medics-clover under no-tillageage (NT – WMcWMc) during the 2013 – 2014 fallow 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation 
WMcWMc - NT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 6.2 29.2 24.0 12.7 10.2 9.8 6.5 24.7 
100 – 200 16.0 36.9 31.2 25.7 22.3 21.0 16.5 22.8 
200 – 300 13.9 37.0 31.4 25.3 23.0 21.7 18.0 22.4 
300 – 400 14.8 39.1 31.6 27.7 25.2 24.3 19.4 21.8 
400 – 500 17.7 38.1 30.0 27.1 26.5 25.3 21.1 23.0 
500 – 600 16.1 34.7 32.1 25.5 25.9 24.9 20.6 22.6 
600 – 700 14.5 43.6 33.3 27.8 27.8 26.9 18.6 21.9 
700 – 800 13.8 44.1 32.3 23.2 23.1 22.6 22.1 20.4 
800 – 900 8.5 28.2 23.1 17.5 16.5 15.7 13.0 19.1 
900 – 1000 10.2 27.9 23.0 22.6 16.6 15.4 14.3 21.0 
Total SWC 131.6 358.7 291.9 235.3 217.0 207.7 170.1 219.6 
∆S  -227.1 66.8 56.6 18.2 9.3 37.6 -49.6 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  73.4 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  73.4 73.4 73.4 73.4 73.4 73.4 73.4 
E  0.0 82.3 341.1 19.3 29.9 71.1 70.5 
Average E/day   0.0 10.3 6.3 2.8 2.0 1.7 1.2 
ΣE  0.0 82.3 423.3 442.6 472.5 543.6 614.0 
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5.1.2.1.3 Medic-clover – wheat – medic-clover - wheat 
The CT – McWMcW treatment (Table 5.19) had the second highest SWC of all treatments at 131 days 
into fallow. The SWC in the NT – McWMcW treatment (Table 5.20) was the highest of all treatments 
6 days after fallow started. The SWC was only higher for NT at 6 and 14 days into fallow in the 
McWMcW sequence. The largest difference (65.1 mm) was 131 into fallow while the smallest 
difference occurred at the end of the fallow period when the CT – McWMcW treatment stored only 
1.0 mm more water than NT. 
The presence of a water table in the CT treatment was noted from 6 until 90 days after planting, while 
the same was observed in the NT treatment. 
The cumulative evaporation for the CT – McWMcW treatment was the second lowest of all treatments 
at 68 and 131 days into fallow. The cumulative evaporation in the NT – McWMcW treatment was the 
highest of all treatments at 131 days into fallow. In the McWMcW sequence the cumulative 
evaporation was only higher in the CT treatment at 14 days into fallow when the smallest difference 
(1 .0 mm) between the treatments was recorded. The largest difference was 102.0 mm and occurred 
131 days into fallow. At the end of the fallow period the NT – McWMcW treatment have lost 37.9 mm 
more water compared to CT. 
At 68 days into fallow, 48.8% (346.3 mm) for CT and 51.7% (386.7 mm) for NT of total cumulative 
evaporation took place. During the next 63 days it was 18.8% (133.3 mm) in CT and 26.1% (195.0 mm) 
in NT. The last 59 days of fallow it were 32.5% (230.5 mm) for CT and 22.2% (166.4 mm) for NT. Thus, 
the percentage of total cumulative evaporation was 2.9% (40.4 mm) and 7.3% (61.7 mm) higher for 
NT during the first two stages of fallow, respectively. However, during the last 59 days of fallow it was 
10.2% (64.1 mm) higher in the CT treatment. 
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 Table 5.19. Soil water balance for medics-clover – wheat – medics-clover – wheat under conventional tillage (CT –McWMcW) during the 2013 – 2014 fallow 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation  
McWMcW - CT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 3.7 20.2 17.1 12.9 8.4 8.9 7.3 15.8 
100 – 200 14.4 37.8 33.0 31.0 24.7 23.3 19.9 15.9 
200 – 300 14.0 40.0 32.7 30.2 26.7 24.6 22.1 15.0 
300 – 400 14.4 42.4 36.0 33.4 30.8 29.0 25.7 15.3 
400 – 500 17.6 42.9 40.3 38.3 35.0 32.4 30.7 13.5 
500 – 600 14.6 41.6 39.1 40.5 38.0 30.7 29.2 15.7 
600 – 700 16.1 39.9 37.7 38.9 37.4 32.4 30.8 16.3 
700 – 800 21.7 42.0 40.7 40.3 39.2 36.3 34.6 14.4 
800 – 900 22.2 42.5 41.3 38.6 36.3 35.1 33.1 17.6 
900 – 1000 26.8 43.5 43.1 42.2 39.2 37.9 34.7 18.2 
Total SWC 165.3 392.7 361.2 346.4 315.6 290.6 268.1 157.7 
∆S  -227.4 31.6 14.8 30.7 25.1 22.5 110.4 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  73.8 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  73.8 73.8 73.8 73.8 73.8 73.8 73.8 
E  0.0 47.0 299.3 31.7 45.6 56.0 230.5 
Average E/day   0.0 5.9 5.5 4.0 3.2 1.4 3.9 
ΣE  0.0 47.0 346.3 378.0 423.6 479.6 710.1 
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 Table 5.20. Soil water balance for medics-clover – wheat – medics-clover – wheat under no-tillageage (NT –McWMcW) during the 2013 – 2014 fallow 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation 
McWMcW - NT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 4.8 32.2 23.3 17.0 8.7 8.0 4.5 16.3 
100 – 200 14.7 36.7 31.1 28.6 21.9 20.8 16.4 22.8 
200 – 300 7.6 44.4 32.1 16.6 14.4 17.2 13.8 19.8 
300 – 400 10.1 44.9 42.3 23.2 21.8 22.0 15.4 15.8 
400 – 500 13.8 47.1 46.8 36.1 27.8 26.5 21.3 14.7 
500 – 600 18.9 47.6 47.4 44.8 41.3 29.4 23.6 15.7 
600 – 700 20.3 44.7 44.3 44.8 37.7 29.3 26.8 14.4 
700 – 800 19.3 43.6 43.6 43.9 36.3 25.5 22.0 12.6 
800 – 900 25.8 44.0 43.8 43.6 41.0 32.4 28.4 11.7 
900 – 1000 28.2 44.4 44.3 44.3 43.3 39.9 30.9 12.8 
Total SWC 163.5 429.6 399.1 342.9 294.0 251.0 203.0 156.7 
∆S  -266.1 30.5 56.2 48.9 43.0 48.0 46.3 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  112.5 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  112.5 112.5 112.5 112.5 112.5 112.5 112.5 
E  0.0 46.0 340.7 49.9 63.6 81.5 166.4 
Average E/day   0.0 5.8 6.3 6.3 4.5 2.0 2.8 
ΣE  0.0 46.0 386.7 436.6 500.2 581.6 748.0 
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5.1.2.1.4 Wheat – canola – wheat – lupins  
The SWC in the CT – WCWL (Table 5.21) treatment had the lowest SWC of all treatments at the end of 
fallow. The SWC in the NT – WCWL treatment (Table 5.22) was the second lowest of all treatments at 
6 days into fallow and the lowest at 68 and 131 after fallow started. At the end of fallow NT – WCWL 
and CT – LWCW both had almost equally the second lowest SWC, after CT - WCWL. In the WCWL 
sequence, the NT treatment only had a higher SWC than CT treatment at the first and last 
measurements recorded for fallow. The SWC differences varied between 9.2 mm (start of fallow) and 
43.5 mm (6 days into fallow) during this period. At the end of the fallow period the NT treatment 
stored 12.7 mm more water compared to CT. 
A water table was present in the CT treatment from the start of fallow through until 90 days after 
fallow had started. In the NT treatment a water table was noted 6 days into fallow until 68 days after 
fallow started.  
The cumulative evaporation for the CT – WCWL treatment was the second highest of all treatments 
at 68 days into fallow and the highest at the end of fallow. The NT – WCWL treatment had the highest 
cumulative evaporation (34.0 mm) of all treatments at 6 days into fallow. Although not determined 
for, this was probably the effect of deep drainage. This NT – WCWL treatment also had the highest 
cumulative evaporation of all treatments at 68 days into fallow and the second highest at 131 days 
into fallow. In the WCWL sequence the cumulative evapotranspiration was always higher for the NT 
treatment, except at the end of the season when CT had lost 22.2 mm more water by evaporation 
than NT. The smallest difference (8.2 mm) occurred 131 days into fallow. The largest difference       
(34.0 mm) was recorded 6 days into fallow. 
During the first 68 days of fallow the total cumulative evaporation that occurred was 55.7% (428.9 
mm) for CT and 60.4% (451.3 mm) for NT. During the next 63 days evaporation was 18.1% (139.5 mm) 
in CT and 16.8% (125.3 mm) in NT, while 26.6% (201.3 mm) and 22.9% (170.9 mm) evaporated during 
the last 59 days of fallow in CT and NT, respectively. Thus, the percentage of total water evaporated 
was 4.7% higher in NT during the first 68 days. Thereafter it was 1.4% (14.2 mm) higher for CT during 
the next 63 days. In the last 59 days of fallow it was 3.3% (30.4 mm) higher for CT. 
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 Table 5.21. Soil water balance for wheat – canola – wheat – lupins under conventional tillage (CT-WCWL) during the 2013 – 2014 fallow period. All values 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation  
WCWL - CT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 7.4 27.3 21.4 5.0 3.1 3.2 3.6 11.3 
100 – 200 17.0 35.0 29.8 21.7 19.3 18.6 12.4 16.1 
200 – 300 14.8 33.0 23.2 24.0 21.7 19.5 15.3 16.6 
300 – 400 13.1 46.4 26.1 18.1 17.0 15.0 13.7 12.0 
400 – 500 14.7 47.4 24.2 18.6 18.1 16.2 12.1 9.5 
500 – 600 23.2 45.7 40.6 29.0 26.1 23.9 16.4 8.5 
600 – 700 31.7 44.1 40.5 39.8 38.4 31.6 23.5 6.3 
700 – 800 35.5 43.7 42.7 40.0 39.1 34.0 27.7 5.5 
800 – 900 36.3 43.4 43.2 41.1 39.8 38.3 29.7 7.4 
900 – 1000 27.5 27.6 27.4 27.4 26.8 26.8 25.7 5.8 
Total SWC 221.2 393.6 319.1 264.6 249.4 227.2 180.2 98.9 
∆S  -172.4 74.5 40.5 15.2 22.2 47.0 81.3 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  18.8 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  18.8 18.8 18.8 18.8 18.8 18.8 18.8 
E  0.0 90.0 338.9 16.2 42.8 80.5 201.3 
Average E/day   0.0 11.3 6.3 2.3 2.8 2.0 3.4 
ΣE  0.0 90.0 428.9 445.1 487.9 568.4 769.7 
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Table 5.22. Soil water balance for wheat – canola – wheat – lupins under no-tillage (NT-WCWL) during the 2013 – 2014 fallow period. All values are in mm. 
WCWL - NT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 6.1 16.0 15.0 1.8 1.3 0.5 1.5 16.4 
100 – 200 25.3 30.7 26.6 17.1 15.3 14.8 9.8 20.0 
200 – 300 21.0 39.6 28.9 21.9 19.3 18.1 13.2 15.6 
300 – 400 23.0 43.6 30.4 23.5 22.6 20.9 13.7 11.8 
400 – 500 26.3 45.2 31.0 29.1 28.7 28.7 20.8 7.0 
500 – 600 26.0 45.4 32.2 28.9 27.9 26.7 21.6 8.2 
600 – 700 30.0 43.8 39.5 32.6 31.7 30.6 26.2 7.6 
700 – 800 33.8 43.6 43.0 35.3 33.8 32.8 29.6 8.0 
800 – 900 25.7 29.1 28.9 28.9 20.9 19.7 15.4 8.7 
900 – 1000 13.1 13.1 12.8 13.4 12.3 11.4 10.6 8.2 
Total SWC 230.4 350.1 288.3 232.6 213.8 204.2 162.4 111.5 
∆S  -119.7 61.8 55.7 18.8 9.6 41.8 50.9 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
E  34.0 77.2 340.1 19.8 30.2 75.2 170.9 
Average E/day   5.7 9.7 6.3 2.9 2.0 1.8 2.9 
ΣE  34.0 111.2 451.3 471.1 501.3 576.6 747.5 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation 
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5.1.2.1.5 Canola – wheat – lupins – wheat  
In the CWLW sequence, the SWC was always lower in the CT – CWLW (Table 5.23), except at the start 
of fallow and at 131 days into fallow, when SWC was lower in the NT – CWLW treatment (Table 5.24). 
At 90 days into fallow the largest difference (69.9 mm) was recorded, while the smallest difference 
(6.4 mm) was at the start of fallow. At the end of the season the NT treatment had stored 20.0 mm 
more water than CT. 
From 6 to 90 days after fallow had started, a water table was present in both the CT and NT treatments  
The – CWLW treatment had a higher cumulative evaporation from start until 90 days into fallow, 
whereafter cumulative evaporation was higher for NT – CWLW from 131 days into fallow until end of 
fallow. The largest difference (69.9 mm) in cumulative evaporation was recorded 90 days into fallow. 
At the end of fallow, the NT treatment have lost only 0.6 mm more water to evaporation than CT 
which was the smallest difference in cumulative evaporation between the treatments 
Percentage of total cumulative evaporation during the first 68 days of fallow was 58.3% (383.7 mm) 
in CT and 53.4% (351.8 mm) in NT. During the next 63 days, 22.0% (144.7 mm) of total cumulative 
evaporation occurred in CT and 30.1% (198.4 mm) in NT, while 19.7% (129.8 mm) and 16.5%           
(108.7 mm) evaporated during the last 59 days in CT and NT, respectively. Thus, the percentage of 
total cumulative evaporation was 4.9% (31.9 mm) higher for CT after the first 68 days and 8.1 %       
(53.7 mm) higher for NT during the next 63 days. In the last 59 days of fallow cumulative evaporation 
was 3.2% (21.1 mm) higher for CT. 
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 Table 5.23. Soil water balance for canola – wheat – lupins – wheat under conventional tillage (CT-CWLW) during the 2013 – 2014 fallow period. All values 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation  
CWLW - CT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 9.4 26.1 24.7 3.8 5.9 6.0 2.1 20.3 
100 – 200 11.5 33.2 27.7 23.3 18.7 16.3 13.1 22.7 
200 – 300 14.3 41.5 32.2 24.9 20.3 19.4 18.9 19.6 
300 – 400 14.7 42.9 39.0 32.5 23.4 22.0 22.2 22.1 
400 – 500 20.9 44.0 37.6 33.8 25.3 23.5 22.1 21.5 
500 – 600 22.1 43.9 39.2 38.5 41.4 25.8 25.5 19.5 
600 – 700 23.2 44.5 38.8 39.2 42.3 28.6 26.5 19.0 
700 – 800 23.8 37.9 38.9 40.7 42.9 40.6 33.6 19.1 
800 – 900 26.0 42.1 36.4 34.3 33.4 33.2 34.2 18.9 
900 – 1000 8.3 13.1 10.9 9.7 9.6 9.2 8.9 3.2 
Total SWC 174.2 369.2 325.4 280.6 263.1 224.5 207.2 186.0 
∆S  -195.0 43.8 39.9 33.5 38.6 17.7 9.8 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  41.4 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  41.4 41.4 41.4 41.4 41.4 41.4 41.4 
E  0.0 59.3 324.4 34.5 59.1 51.2 129.8 
Average E/day   0.0 7.5 6.0 5.0 3.9 1.3 2.2 
ΣE  0.0 59.3 383.7 418.1 477.3 528.4 658.2 
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Table 5.24. Soil water balance for canola – wheat – lupins – wheat under no-tillage (NT-CWLW) during the 2013 – 2014 fallow period. All values are in mm. 
CWLW - NT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 6.4 23.7 21.9 15.7 12.3 9.9 4.8 16.5 
100 – 200 18.0 36.9 34.7 31.4 27.4 24.1 13.2 24.2 
200 – 300 14.1 36.7 32.0 29.9 27.9 24.2 12.4 14.1 
300 – 400 11.7 39.8 36.2 29.8 26.9 24.4 11.5 15.7 
400 – 500 10.2 44.2 39.0 38.7 37.5 31.2 19.4 20.0 
500 – 600 15.3 43.6 39.1 39.1 38.8 34.7 25.3 24.5 
600 – 700 17.6 41.9 40.7 39.9 39.9 36.9 23.9 23.2 
700 – 800 21.1 40.9 39.0 38.8 38.7 37.0 22.3 22.5 
800 – 900 23.5 40.8 36.2 36.2 36.1 34.9 27.6 22.4 
900 – 1000 29.8 41.4 39.1 38.6 38.4 37.2 34.3 22.8 
Total SWC 167.8 389.8 357.8 338.0 323.9 294.4 194.7 206.0 
∆S  -222.0 32.0 19.8 14.1 29.5 99.7 -11.4 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  68.4 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  68.4 68.4 68.4 68.4 68.4 68.4 68.4 
E  0.0 47.5 304.3 15.1 50.1 133.2 108.7 
Average E/day   0.0 5.9 5.6 2.2 3.3 3.3 1.8 
ΣE  0.0 47.5 351.8 366.9 417.0 550.2 658.8 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation 
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5.1.2.1.6 Wheat –lupins – wheat – canola  
The SWC in the CT – WLWC treatment (Table 5.25) had the second highest SWC of all treatments at 
the end of fallow. In the WLWC sequence the SWC was always higher in the CT treatment except at 6 
and 14 days into fallow. The smallest difference (4.6 mm) occurred 90 days into anthesis, while the 
largest difference in SWC was recorded at the end of fallow when CT – WLWC stored 46.8 mm more 
water than NT – WLWC (Table 5.26). 
The CT treatment had a water table present from 6 until 68 days after the start of fallow, while the NT 
treatment had a water table from 6 to 76 days after fallow started. 
At the end of fallow, the CT – WLWC treatment had the lowest cumulative evaporation of all 
treatments. The NT – WLWC treatment had the highest cumulative evaporation of all treatment at 68 
days into fallow. In the WLWC sequence CT only once had a cumulative evaporation higher than the 
NT treatment. This was at 14 days into fallow when the smallest difference (11.8 mm) between the 
tillage treatments was recorded. As with CWLW, there was no difference in cumulative evaporation 
after 6 days of fallow. The largest difference was recorded at the end of fallow when NT have lost 
66.1% more water by evaporation than CT. 
At 68 days into fallow, 64.2% (391.7 mm) of total cumulative evaporation occurred in CT and 63.2% 
(427.2 mm) in NT. During the next 63 days cumulative evaporation was 17.2% (105.1 mm) in CT and 
17.1% (115.8 mm) in NT, while for the last 59 days of fallow the cumulative evaporation recorded was 
18.6% (113.8 mm) for CT and 19.7% (133.6 mm) for NT. Thus, the percentage of total cumulative 
evaporation was 1.0% and 0.1% higher for CT during the first two stages of fallow, respectively. 
However, at both these dates the amount of water evaporated was 35.6 mm and 46.4 mm higher in 
the NT – WLWC treatment. During the last 59 days of fallow, cumulative evaporation was 1.1%         
(19.8 mm) higher in the NT treatment. Therefore, the amount of water evaporated was, much higher 
in the NT treatment throughout the whole season compared to CT and regardless of the total 
percentage of water evaporated. 
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 Table 5.25. Soil water balance for wheat – lupins – wheat – canola under conventional tillage (CT-WLWC) during the 2013 – 2014 fallow period. All values 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation  
WLWC - CT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 6.1 23.8 22.6 7.1 4.4 4.7 5.6 19.5 
100 – 200 14.3 36.4 30.5 20.1 13.7 15.5 16.2 23.4 
200 – 300 16.6 40.6 34.7 25.0 19.0 18.6 19.2 19.5 
300 – 400 19.1 45.7 39.8 30.4 26.6 24.0 24.2 16.0 
400 – 500 22.1 46.4 38.3 32.9 29.4 29.0 28.9 25.6 
500 – 600 22.1 45.1 35.5 33.3 28.9 27.0 26.9 24.1 
600 – 700 23.2 41.9 34.3 36.2 33.3 31.2 30.8 24.3 
700 – 800 8.8 26.9 22.3 37.1 34.7 31.2 31.2 23.7 
800 – 900 11.7 26.4 23.3 23.3 21.3 18.0 17.8 24.6 
900 – 1000 12.6 28.9 25.1 25.0 22.8 19.7 19.6 26.0 
Total SWC 156.7 362.1 307.1 270.5 234.1 219.1 220.4 226.7 
∆S  -205.5 55.1 36.7 36.4 15.0 -1.3 -6.2 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  51.8 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  51.8 51.8 51.8 51.8 51.8 51.8 51.8 
E  0.0 70.6 321.1 37.4 35.6 32.1 113.8 
Average E/day   0.0 8.8 5.9 4.8 2.5 0.8 1.9 
ΣE  0.0 70.6 391.7 429.1 464.7 496.8 610.6 
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Table 5.26. Soil water balance for wheat – lupins – wheat – canola under no-tillage (NT-WLWC) during the 2013 – 2014 fallow period. All values are in mm. 
WLWC - NT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 8.8 29.1 27.3 16.6 12.9 15.2 13.0 18.5 
100 – 200 15.8 35.7 32.8 24.5 21.2 23.3 22.8 21.6 
200 – 300 9.4 31.6 24.6 19.6 16.9 17.4 17.3 17.5 
300 – 400 8.6 41.8 38.5 15.6 15.3 14.7 14.1 17.2 
400 – 500 14.1 47.6 37.8 25.9 22.4 22.1 19.3 13.6 
500 – 600 16.2 47.3 36.6 29.7 28.3 28.6 22.4 9.1 
600 – 700 15.2 46.6 42.4 38.7 31.1 31.0 23.2 22.2 
700 – 800 19.7 44.9 41.5 38.7 36.5 31.1 30.6 21.4 
800 – 900 10.3 28.3 28.2 22.8 22.0 14.8 14.7 19.4 
900 – 1000 11.3 28.6 28.6 22.2 21.1 16.3 16.0 19.4 
Total SWC 129.2 381.6 338.3 254.1 227.8 214.5 193.4 179.9 
∆S  -252.3 43.3 84.2 26.4 13.2 21.1 13.5 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  98.7 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  98.7 98.7 98.7 98.7 98.7 98.7 98.7 
E  0.0 58.8 368.6 27.4 33.8 54.6 133.6 
Average E/day   0.0 7.4 6.8 3.5 2.3 1.3 2.3 
ΣE  0.0 58.8 427.4 454.8 488.5 543.2 676.7 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation 
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5.1.2.1.7 Lupins – wheat – canola –wheat  
The CT – LWCW treatment (Table 5.27) had the lowest SWC of all treatments at 6 days into fallow and 
the second lowest SWC at the end of fallow. The SWC in the NT – LWCW treatment (Table 5.28) was 
the second highest of all treatments at 68 days into fallow and the highest on 131 days after fallow 
started. In the LWCW sequence the SWC was higher in the NT treatment throughout the whole fallow 
period. The smallest difference was 28.8 mm and recorded right at the beginning of fallow. The largest 
difference was 103.3 mm at 131 days into fallow. At the end of the season the NT treatment had 
stored 38.3 mm more water than CT. 
A water table in the CT treatment was present from 6 until 76 days after the start of fallow, while the 
presence of a water table in the NT treatment was observed from 6 until 131 days after fallow started. 
The cumulative evaporation in the CT – LWCW treatment was the lowest of all treatments at 68 days 
after fallow started. The NT – LWCW treatment had the lowest cumulative evaporation of all 
treatments at 131 days into fallow. In the LWCW sequence the cumulative evaporation for NT was 
higher throughout the whole season, except at 131 days into fallow when it was higher for CT and also 
the largest difference (38.7 mm) that was recorded. As found at CWLW and WLWC, there was no 
difference in cumulative evaporation 6 days into fallow. The smallest difference (5.0 mm) occurred at 
14 days into fallow. At the end of the season the NT treatment have lost 26.4 mm more water by 
evaporation than CT. 
Percentage of total cumulative evaporation during the first 68 days of fallow was 47.8% (333.6 mm) 
in CT and 48.3% (349.6 mm) for NT. During the next 63 days, 26.4% (184.0 mm) of total cumulative 
evaporation occurred in CT and 17.9% (129.4 mm) in NT, while 25.9% (180.5 mm) and 33.9%           
(245.5 mm) evaporated during the last 59 days in CT and NT, respectively. Thus, the percentage of 
total cumulative evaporation was 0.5% (16.0 mm) higher for NT after the first 68 days and 8.5 % (54.6 
mm) higher for CT during the next 63 days. In the last 59 days of fallow, cumulative evaporation was 
8.0% (65.0 mm) higher for NT. 
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 Table 5.27. Soil water balance for lupins – wheat – canola - wheat under conventional tillage (CT-LWCW) during the 2013 – 2014 fallow period. All values 














Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation  
LWCW - CT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 10.5 33.5 31.0 9.9 5.9 6.1 2.0 20.8 
100 – 200 13.4 37.6 34.4 32.7 27.0 26.2 13.0 19.4 
200 – 300 11.8 36.9 35.3 33.1 29.1 27.7 15.6 13.7 
300 – 400 9.3 32.9 31.7 32.1 28.8 26.6 14.2 12.7 
400 – 500 14.5 39.4 35.8 35.1 31.3 28.3 20.8 9.8 
500 – 600 16.9 41.6 34.2 37.7 36.8 30.9 23.5 7.8 
600 – 700 16.3 39.5 32.9 34.5 33.2 29.6 24.9 8.3 
700 – 800 18.6 41.7 36.0 33.8 33.4 28.6 25.9 7.3 
800 – 900 21.0 40.6 37.3 37.3 36.0 29.4 21.9 7.5 
900 – 1000 10.2 14.5 14.2 14.5 13.7 11.6 9.8 3.9 
Total SWC 142.5 334.3 302.4 300.7 275.1 245.0 171.7 111.2 
∆S  -191.8 31.9 1.8 25.6 30.1 73.3 60.5 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  38.2 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  38.2 38.2 38.2 38.2 38.2 38.2 38.2 
E  0.0 47.4 286.2 26.6 50.7 106.8 180.5 
Average E/day   0.0 5.9 5.3 3.4 3.6 2.6 3.1 
ΣE  0.0 47.4 333.6 360.2 410.9 517.6 698.1 
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Table 5.28 Soil water balance for lupins – wheat – canola - wheat under no-tillage (NT-LWCW) during the 2013 – 2014 fallow period. All values are in mm. 
LWCW - NT         
Days after fallow started 0 6 14 68 76 90 131 190 
Date 
 









































































0 – 100 5.0 22.9 23.4 18.1 12.8 11.6 11.6 18.8 
100 – 200 12.8 35.5 32.5 28.3 22.8 22.5 21.0 20.4 
200 – 300 14.2 37.3 34.2 31.7 25.6 24.4 22.7 18.2 
300 – 400 13.5 40.7 36.5 36.4 27.6 24.5 23.6 18.0 
400 – 500 13.6 43.2 37.9 37.7 35.1 28.2 25.8 14.9 
500 – 600 15.3 43.8 38.1 38.3 36.1 33.4 31.2 15.8 
600 – 700 19.6 44.4 39.6 40.0 39.1 36.2 34.6 12.0 
700 – 800 22.0 42.2 37.9 38.2 36.0 34.0 32.5 10.3 
800 – 900 25.8 44.8 40.0 39.7 39.1 37.0 35.7 9.6 
900 – 1000 29.6 44.0 41.9 40.8 40.3 40.0 36.2 11.5 
Total SWC 171.3 399.0 362.0 349.3 314.4 291.8 275.0 149.5 
∆S  -227.7 36.9 12.7 34.9 22.7 16.7 125.5 
P  153.6 15.5 284.5 1.0 20.6 33.5 120.0 
ΣP  153.6 169.1 453.6 454.6 475.1 508.6 628.7 
U  74.0 0.0 0.0 0.0 0.0 0.0 0.0 
ΣU  74.0 74.0 74.0 74.0 74.0 74.0 74.0 
E  0.0 52.4 297.2 35.9 43.2 50.2 245.5 
Average E/day   0.0 6.6 5.5 4.5 3.0 1.2 4.2 
ΣE  0.0 52.4 349.6 385.5 428.7 479.0 724.5 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   E: evaporation;   Average E/day: average evaporation per day;   ΣE: cumulative evaporation
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5.1.3 2014 Growing season  
The 2014 growing season started on 8 May and ended at 31 October 2014, almost two weeks shorter 
than the 2013 growing season. The maximum temperatures during planting (May), anthesis (August 
and September) and maturity (October) ranged between: 16.8˚C – 31.5˚C, 10.9 – 28.6 ˚C, and 16.9 – 
35.3˚C, respectively. The maximum temperature during maturity was 2 – 3˚C higher than in the same 
period of 2013. For the other two periods, temperatures was almost exactly the same. Another 
interesting phenomenon was that during 2014 the sum of daily maximum air temperatures for May 
and June was 774.8˚C and 622.1˚C, respectively. In contrast, during 2013 the sum of daily maximum 
air temperatures for May and June were considerably lower, namely 693.9˚C and 531.9˚C, 
respectively. This increase in the sum of daily maixmum air temperatures plus the higher temperature 
during the maturity period, could promote faster maturity and explain the shorter 2014 season 
compared to 2013. See Table A-86 in Appendix 4 for climate data. 
5.1.3.1 Soil water balances 
The water balances of all CT and NT treatments during the 2014 growing season are presented in 
Tables 5.29 and Table 5.42. The same notations as well as the same discussion format of the soil water 
balances of the 2013 growing season are used for the following 2014 soil water balances.
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5.1.3.1.1 Wheat monoculture 
The CT – WWWW treatment (Table 5.29) had the second highest SWC of all the treatments right 
through the season, while the NT – WWWW treatment (Table 5.30) had the highest SWC of all 
treatments throughout the season. The SWC between the two tillage treatments of WWWW was 
always higher for NT, except 29 and 85 days after planting when CT had a higher SWC than NT. During 
the season the SWC varied from 0.5 mm to 66.2 mm with the largest difference recorded 37 days after 
planting and the smallest difference at 146 days after planting. At the end of the season the                      
NT – WWWW treatment stored 29.8 mm more water than CT. 
A water table was present in the soil from 29 until 71 days after planting in the CT treatment, while 
the NT treatment had a water table from 37 days after planting until the end of the season. The entire 
soil profile in one of the subplots used for this treatment was almost permanently saturated 
throughout the whole season, which was to a large extent responsible for the observed water table in 
the data. 
The water usage varied considerably between the two tillage treatments from the start until 71 days 
after plant when cumulative evapotranspiration was higher for NT until 140 days after plant. 
Thereafter water usage was higher for CT until the end of the season. The smallest difference recorded 
was 1.0 mm on 71 days after planting, whereas the largest difference recorded was 42.3 mm at 85 
days after planting. The CT- WWWW treatment used 39.0 mm more water than the NT treatment at 
the end of the season.  
Up to 92 days after plant (anthesis) the water usage for the CT – WWWW treatment was 38.8%      
(164.3 mm) and 51.4% (197.4 mm) for NT. At the end of anthesis (120 days after planting) 57.6%    
(243.5 mm) and 66.3% (254.4 mm) total water usage was recorded for CT and NT, respectively. The 
percentage of water used from anthesis to start of maturity (92 to 154 days after planting) was 46.6% 
(197.1 mm) for CT and 33.9% (130.1 mm) for NT. Thus, water usage up to anthesis was 12.6%             
(33.2 mm) higher in the NT – WWWW treatment compared to CT. At the end of anthesis water usage 
was again higher with 8.7% (11.0 mm). Water usage during anthesis to start of maturity was 12.7% 
(67.1 mm) higher for the CT – WWWW treatment.
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Table 5.29 Soil water balance for wheat monoculture under conventional tillage (CT – WWWW) during the 2014 growing season. . All values are in mm. 
WWWW - CT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 19.5 18.4 31.2 29.7 31.6 33.0 33.2 33.3 30.0 29.3 27.7 23.0 21.2 30.4 14.8 32.1 25.6 14.4 31.3 18.2 20.5 10.9 10.8 
100 – 200 20.1 18.5 33.3 29.4 33.5 34.7 34.4 32.2 28.5 25.5 20.8 17.7 15.9 21.7 13.5 33.4 18.8 12.9 33.0 15.6 17.2 11.7 10.3 
200 – 300 20.6 20.1 34.9 33.5 34.7 37.3 35.6 33.5 29.6 27.7 26.0 22.7 21.2 23.5 20.4 28.0 24.3 19.7 31.1 22.3 21.4 18.9 16.7 
300 – 400 17.1 18.0 34.9 33.8 35.2 37.7 36.7 33.3 30.9 28.8 26.7 23.2 21.8 24.2 23.4 25.9 25.8 22.6 26.7 23.2 22.1 21.2 20.0 
400 – 500 13.9 14.8 31.4 30.0 31.9 37.5 36.7 31.8 30.7 29.5 28.2 25.6 23.2 26.2 25.2 26.4 27.6 24.7 25.8 24.6 23.2 22.8 21.9 
500 – 600 24.2 18.8 34.7 33.7 36.4 39.0 37.9 35.0 34.0 33.2 32.0 29.3 26.5 29.1 26.5 29.2 30.3 26.1 27.7 26.6 23.3 22.4 21.4 
600 – 700 30.3 29.6 36.9 36.2 40.2 43.8 37.9 35.4 34.8 34.1 33.4 31.8 30.3 31.1 30.2 30.7 31.6 30.2 29.3 28.3 28.2 26.4 21.7 
700 – 800 27.4 27.8 32.7 31.7 42.2 43.0 37.7 35.8 34.2 33.8 33.4 32.0 30.6 31.3 30.2 30.7 31.4 30.0 29.3 28.6 28.4 28.2 25.8 
800 – 900 26.7 26.9 31.6 30.4 42.8 42.9 43.3 33.6 32.5 32.2 32.2 31.2 30.3 30.9 29.9 30.2 31.0 29.7 29.2 28.6 28.2 28.1 27.4 
900 – 1000 23.6 23.9 26.9 25.5 41.1 40.8 41.5 33.4 30.5 29.4 29.3 28.0 27.2 28.3 27.3 27.4 28.1 27.1 26.6 26.0 25.6 25.4 24.9 
Total SWC 223.4 216.8 328.5 313.8 369.6 389.6 374.8 337.3 315.5 303.4 289.8 264.6 248.2 276.7 241.3 294.0 274.4 237.6 290.0 241.9 238.2 216.0 200.9 
∆S  6.6 -111.7 14.7 -55.8 -20.1 14.8 37.5 21.8 12.1 13.7 25.1 16.4 -28.5 35.4 -52.7 19.5 36.9 -52.4 48.1 3.7 22.3 15.1 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP 0.0 1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  0.0 66.2 0.0 20.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.7 0.0 22.5 0.0 0.0 26.0 0.0 0.0 0.0 0.0 
ΣU  0.0 66.2 66.2 86.4 86.4 86.4 86.4 86.4 86.4 86.4 86.4 86.4 112.1 112.1 134.6 134.6 134.6 160.6 160.6 160.6 160.6 160.6 
ET  7.9 0.0 22.8 0.0 6.6 24.4 43.1 25.9 14.3 19.2 26.6 17.1 0.0 35.4 0.0 23.6 41.2 0.0 53.1 18.6 22.3 20.7 
Average ET/day   0.98 0.00 2.88 0.00 1.04 2.26 3.95 3.71 2.01 2.82 3.24 2.94 0.00 4.77 0.00 3.40 5.81 0.00 6.70 2.31 3.22 3.04 
ΣET  7.9 7.9 30.7 30.7 37.3 61.7 104.8 130.7 145.0 164.3 190.9 208.0 208.0 243.5 243.5 267.0 308.2 308.2 361.4 380.0 402.3 423.0 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.30. Soil water balance for wheat monoculture under no-tillage (NT – WWWW) during the 2014 growing season. All values are in mm. 
WWWW - NT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 31.6 25.8 34.9 31.2 34.0 24.9 33.6 35.6 25.2 25.6 23.9 21.0 20.6 28.1 18.0 28.6 22.8 16.9 26.8 20.2 22.7 16.2 16.7 
100 – 200 27.5 22.9 31.2 29.6 32.8 34.5 32.4 32.2 20.3 20.7 19.8 17.6 15.8 20.1 15.1 24.8 18.6 14.8 22.4 16.6 17.7 14.6 13.3 
200 – 300 27.6 25.7 32.2 31.7 34.3 34.4 33.1 33.8 19.5 19.7 19.4 17.7 16.3 17.5 16.1 19.9 18.3 16.5 21.5 17.5 17.4 16.5 15.6 
300 – 400 27.8 27.6 32.2 31.8 37.7 38.1 37.6 36.3 22.5 22.1 22.3 21.3 20.3 21.6 20.5 22.2 22.1 20.5 23.2 21.0 20.8 20.3 19.7 
400 – 500 30.7 28.5 34.5 35.2 41.8 45.4 42.9 38.2 35.0 23.8 23.9 23.5 21.4 25.0 22.5 24.8 24.8 22.4 24.7 22.5 21.7 21.2 20.5 
500 – 600 29.8 26.2 32.9 39.1 45.9 47.0 40.1 35.4 35.5 22.4 22.5 22.3 19.1 23.2 19.7 23.3 23.4 19.6 22.8 22.0 19.6 18.0 16.8 
600 – 700 25.1 25.3 27.4 45.3 45.8 47.1 43.9 36.5 36.3 36.7 35.8 34.7 34.0 35.8 35.5 35.8 36.4 34.2 34.7 34.0 33.4 29.8 26.5 
700 – 800 25.2 25.9 28.5 45.6 44.8 46.0 43.8 41.2 41.4 41.8 40.7 38.2 36.9 38.7 38.4 38.6 39.1 37.9 37.1 36.5 36.0 35.7 28.5 
800 – 900 22.7 23.0 25.2 45.2 44.5 45.3 44.9 40.1 40.4 40.8 40.6 38.8 37.3 39.0 38.6 38.8 39.4 38.6 37.7 37.2 36.9 36.5 35.7 
900 – 1000 22.4 22.3 24.4 45.3 44.8 46.1 46.0 41.1 41.3 41.7 41.9 41.0 39.6 41.2 40.4 40.7 41.4 40.3 39.6 39.1 38.5 38.3 37.4 
Total SWC 270.6 253.1 303.3 380.0 406.5 408.7 398.2 370.4 317.2 295.2 290.7 276.2 261.3 290.2 264.8 297.6 286.2 261.9 290.5 266.6 264.8 247.0 230.7 
∆S  17.5 -50.3 -76.7 -26.5 -2.2 10.5 27.8 53.2 22.0 4.6 14.5 14.9 -28.9 25.4 -32.8 11.4 24.4 -28.7 23.9 1.8 17.9 16.3 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  0.0 4.8 68.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.1 0.0 2.6 0.0 0.0 2.3 0.0 0.0 0.0 0.0 
ΣU  0.0 4.8 73.4 73.4 73.4 73.4 73.4 73.4 73.4 73.4 73.4 73.4 99.5 99.5 102.1 102.1 102.1 104.3 104.3 104.3 104.3 104.3 
ET  18.8 0.0 0.0 9.1 24.4 20.1 33.4 57.2 24.3 10.2 16.0 15.7 0.0 25.4 0.0 15.4 28.7 0.0 29.0 16.7 17.9 21.9 
Average ET/day   2.33 0.00 0.00 1.55 3.85 1.86 3.06 8.21 3.40 1.49 1.94 2.69 0.00 3.42 0.00 2.22 4.04 0.00 3.65 2.08 2.58 3.21 
ΣET  18.8 18.8 18.8 27.9 52.3 72.4 105.8 163.0 187.3 197.4 213.4 229.1 229.1 254.4 254.4 269.9 298.5 298.5 327.5 344.3 362.1 384.0 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.3.1.2 Wheat – medic-clover – wheat – medic-clover 
In the WMcWMc sequence, the CT – WMcWMc (Table 5.31) started and ended with a higher SWC 
compared to NT – WMcWMc (Table 5.32), however there was a period from 29 to 113 days after plant 
where SWC was higher in the NT treatment. The largest difference occurred 60 days after planting 
when NT was 54.7 mm higher than CT and the smallest difference recorded was 0.8 mm on 146 days 
after planting. At the end of the season the CT treatment stored 11.2 mm more water than the NT 
treatment. 
Presence of a water table was noted from 43 to 79 days after planting in the CT treatment, while a 
water table was observed from 43 until 85 days after planting in the NT treatment. 
Compared to all treatments, the CT – WMcWMc treatment had the second lowest cumulative 
evapotranspiration at 60 and 92 days after planting as well as the lowest cumulative 
evapotranspiration from 120 days after plant until the end of the season. The NT – WMcWMc 
treatment had the lowest cumulative evapotranspiration 60 days after planting. The water usage was 
higher in the CT – WMcWMc treatment from 37 to 71 days after planting, compared to the NT 
treatment. From 79 days after planting until the end of the season the water usage was higher in         
NT – WMcWMc. No difference in cumulative evapotranspiration between the CT - WMcWMc and      
NT – WMcWMc treatments was recorded 22 and 29 days after planting. The smallest difference was 
2.4 mm at 37 days after planting whereas the largest difference (57.8 mm) was recorded on169 days 
after planting 
The water usage up to 92 days barely differed with 47.6% (154.8 mm) in CT and 47.8% (183.1 mm) in 
NT of the total seasonal usage. From the start of the season until 120 days after planting, CT used 
63.8% (207.4 mm) and NT 66.1% (252.8 mm). During 92 until 154 days after planting, 41.1%             
(133.5 mm) and 41.3% (157.9 mm) of total water usage occurred for the CT – WMcWMc and NT – 
WMcWMc treatments, respectively. In the NT treatment, water usage of the total seasonal water 
usage was 0.2% higher at both 92 days after planting (28.2 mm) and during the period from anthesis 
to start of maturity (92 until 154 days after planting) (24.4 mm). At 120 days after planting, ET of NT 
was higher than CT by 2.3% (45.4 mm). Although the total percentage of water used was only slightly 
higher in the NT – WMcWMc treatment, the amount of water used was considerably higher (57.5 mm) 
compared to CT. 
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Table 5.31. Soil water balance for wheat – medics-clover – wheat – medics-clover under conventional tillage (CT – WMcWMc) during the 2014 growing 
season. All values are in mm. 
WMcWMc - CT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 15.8 14.9 25.7 22.0 24.5 25.1 25.9 25.1 21.1 20.7 19.1 15.3 16.8 25.6 13.4 27.7 17.8 11.9 26.2 21.7 22.7 16.4 16.6 
100 – 200 15.9 15.2 27.5 24.9 26.5 28.6 27.3 25.0 23.0 21.7 20.0 16.2 14.8 19.2 14.2 25.8 18.4 13.3 25.7 20.5 24.7 19.1 16.7 
200 – 300 15.0 15.6 24.8 23.1 24.2 26.1 25.7 24.0 22.5 21.2 19.5 16.1 14.3 16.0 14.0 18.9 16.1 13.3 21.1 17.8 19.9 17.3 15.6 
300 – 400 15.3 16.3 23.2 21.7 23.0 29.4 19.8 17.0 16.2 15.4 14.4 13.3 12.2 11.7 11.1 10.9 11.3 10.2 13.1 11.6 11.6 11.4 10.8 
400 – 500 13.5 14.5 19.1 18.4 27.0 34.8 33.6 19.9 19.7 19.1 18.6 18.2 17.1 16.9 16.2 15.8 15.7 14.6 15.5 13.9 13.4 13.3 13.0 
500 – 600 15.7 16.4 20.9 19.9 27.5 33.0 32.5 28.8 26.0 24.9 23.4 22.5 21.5 22.2 20.9 20.7 20.6 19.4 20.8 18.4 17.7 17.7 17.5 
600 – 700 16.3 17.3 22.2 27.0 29.7 39.5 31.7 30.2 29.0 26.0 24.9 24.4 23.5 24.1 22.6 22.7 22.6 21.4 21.0 19.7 19.4 19.4 19.2 
700 – 800 14.4 15.2 24.8 24.6 35.3 40.7 34.1 29.3 26.8 23.9 22.7 22.0 21.3 22.0 21.4 21.4 21.2 20.1 19.4 17.6 17.4 17.4 17.4 
800 – 900 17.6 18.5 28.8 29.1 36.2 39.6 39.6 37.2 32.0 31.4 29.3 28.6 27.9 28.7 27.4 27.5 27.3 25.8 24.6 22.8 22.5 22.5 22.0 
900 – 1000 18.2 19.0 28.7 27.7 38.5 39.7 39.4 36.8 36.0 34.6 32.4 31.5 30.8 31.9 30.8 30.8 31.0 29.5 28.2 26.9 26.9 26.7 26.0 
Total SWC 157.7 162.9 245.6 238.4 292.3 336.5 309.7 273.3 252.4 238.9 224.1 208.1 200.1 218.4 192.1 222.2 202.0 179.4 215.6 190.9 196.4 181.2 174.6 
∆S  -5.2 -82.7 7.2 -53.9 -44.1 26.8 36.3 20.9 13.5 14.8 16.0 8.0 -18.3 26.4 -30.1 20.2 22.5 -36.2 24.7 -5.5 15.3 6.5 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  4.0 37.3 0.0 18.4 17.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.5 0.0 0.0 0.0 0.0 9.8 0.0 0.0 0.0 0.0 
ΣU  4.0 41.3 41.3 59.6 77.1 77.1 77.1 77.1 77.1 77.1 77.1 77.1 92.6 92.6 92.6 92.6 92.6 102.4 102.4 102.4 102.4 102.4 
ET  0.0 0.0 15.3 0.0 0.0 36.5 41.9 25.0 15.8 20.4 17.5 8.7 0.0 26.4 0.1 24.2 26.9 0.0 29.7 9.5 15.3 12.1 
Average ET/day   0.00 0.00 1.93 0.00 0.00 3.37 3.84 3.59 2.20 2.99 2.13 1.49 0.00 3.55 0.02 3.50 3.79 0.00 3.75 1.17 2.20 1.78 
ΣET  0.0 0.0 15.3 15.3 15.3 51.8 93.7 118.7 134.4 154.8 172.3 181.0 181.0 207.4 207.5 231.8 258.6 258.6 288.3 297.8 313.1 325.2 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.32. Soil water balance for wheat – medics-clover – wheat – medics-clover under no-tillage (NT – WMcWMc) during the 2014 growing season. All 
values are in mm. 
WMcWMc - NT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 16.3 14.9 25.4 22.1 24.0 25.7 25.9 25.4 21.8 20.9 18.7 13.0 13.7 23.7 10.5 24.6 14.7 8.6 23.7 16.7 18.0 9.7 10.4 
100 – 200 22.8 21.8 31.0 29.5 31.4 34.2 32.7 30.8 28.4 26.7 24.2 18.8 17.9 24.4 16.3 28.0 19.8 14.4 29.6 22.5 26.5 18.9 17.3 
200 – 300 19.8 19.9 28.6 26.8 27.1 35.6 26.2 23.9 22.3 21.3 19.7 15.9 14.1 15.0 13.4 15.8 14.8 12.2 22.1 17.5 19.8 15.4 13.7 
300 – 400 15.8 16.3 20.9 18.5 23.2 33.2 32.7 21.2 20.3 20.4 19.8 16.5 14.5 14.1 13.2 12.8 13.0 11.9 15.1 12.9 13.1 12.5 11.7 
400 – 500 14.7 14.8 19.4 21.9 27.2 40.5 32.9 22.5 19.9 20.2 20.0 18.1 17.1 17.2 16.2 15.7 15.4 14.2 14.6 12.7 12.4 12.1 11.7 
500 – 600 15.7 16.6 25.9 25.3 43.4 44.2 43.9 36.5 28.1 27.3 27.3 25.6 24.3 23.9 23.4 23.7 24.0 22.2 22.1 19.9 19.5 19.4 19.0 
600 – 700 14.4 15.9 23.0 21.8 42.6 43.2 43.3 39.8 27.6 26.3 26.1 25.5 23.8 23.5 21.9 22.2 22.6 21.6 21.0 19.2 18.9 19.0 18.5 
700 – 800 12.6 13.8 22.2 26.8 42.0 42.5 43.0 39.0 38.4 24.1 23.6 23.5 21.7 21.1 19.4 19.3 19.1 17.7 17.3 16.4 16.1 16.1 15.7 
800 – 900 11.7 12.6 25.2 25.2 41.5 41.9 42.3 41.7 37.9 28.6 26.6 26.5 25.6 25.5 23.7 23.8 23.3 22.0 21.4 20.1 20.1 20.2 19.6 
900 – 1000 12.8 13.4 27.7 26.6 40.7 41.3 41.5 40.8 38.4 38.1 33.2 31.8 31.2 31.5 29.8 30.3 29.6 28.6 27.9 26.8 26.5 26.5 25.9 
Total SWC 156.7 159.9 249.3 244.5 343.1 382.4 364.4 321.5 283.2 253.9 239.3 215.2 204.0 219.9 187.8 216.1 196.4 173.5 214.8 184.6 191.0 169.7 163.5 
∆S  -3.2 -89.4 4.8 -98.6 -39.3 18.0 42.9 38.3 29.2 14.6 24.1 11.2 -16.0 32.1 -28.3 19.7 23.0 -41.3 30.2 -6.4 21.3 6.2 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  2.0 44.0 0.0 63.0 12.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.2 0.0 0.0 0.0 0.0 14.9 0.0 0.0 0.0 0.0 
ΣU  2.0 45.9 45.9 109.0 121.6 121.6 121.6 121.6 121.6 121.6 121.6 121.6 134.7 134.7 134.7 134.7 134.7 149.6 149.6 149.6 149.6 149.6 
ET  0.0 0.0 13.0 0.0 0.0 27.6 48.5 42.4 31.5 20.2 25.6 12.0 0.0 32.1 2.0 23.7 27.3 0.0 35.3 8.5 21.3 11.8 
Average ET/day   0.00 0.00 1.63 0.00 0.00 2.55 4.45 6.08 4.41 2.96 3.11 2.06 0.00 4.33 0.34 3.42 3.85 0.00 4.45 1.06 3.08 1.73 
ΣET  0.0 0.0 13.0 13.0 13.0 40.5 89.0 131.4 162.9 183.1 208.7 220.7 220.7 252.8 254.8 278.5 305.7 305.7 341.0 349.5 370.9 382.7 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.3.1.3 Medic-clover – wheat – medic-clover – wheat  
Generally the SWC was higher in the CT – McWMcW treatment (Table 5.33) compared to the                  
NT – McWMcW treatment (Table 5.34), except on 14, 120 and 140 days after planting when SWC was 
marginally higher in the NT treatment. During the season the largest difference (59.7 mm) recorded, 
was 29 days after planting while the smallest difference (0.1 mm) occurred 169 days after planting. 
The SWC in the NT – McWMcW treatment was the lowest of all treatments on 60 days after planting. 
At the end of the season the CT – McWMcW treatment have stored only 2.4 mm more water than the 
NT treatment. 
During the growing season a water table was observed from 29 until 60 days after planting in the CT 
treatment, while in the NT treatment it was observed from 43 until 60 days after planting.  
The cumulative evapotranspiration for the CT – McWMcW treatment was the second highest of all 
treatments at 60 days after planting. The NT – McWMcW treatment had the second lowest cumulative 
evapotranspiration of all treatments on154 and 176 days after planting. Comparing CT and NT for 
McWMcW, the water usage was higher for NT – McWMcW from the start of the season until 71 days 
after planting, although CT was higher once during this period (60 days after planting). From 79 days 
after planting until the end of the season, the water usage was higher for CT – McWMcW. The smallest 
difference (5.2 mm) was recorded 85 days after planting, while the largest difference (57.7 mm) was 
169 days after planting. At the end of the season, CT – McWMcW stored 55.4 mm more water than 
NT. 
The percentage water usage until anthesis (92 days after planting) was 48.3% (193.4 mm) for CT and 
52.3% (180.6 mm) for NT. At the end of anthesis (120 days after planting), the percentage of total 
water used barely differed with 66.5% (266.1 mm) and 66.0% (227.9 mm) for CT and NT, respectively. 
During anthesis to start of maturity (92 to 154 days after planting) the water usage in CT - McWMcW 
was 40.2% (161.1 mm) whereas it was 36.7% (126.6 mm) for NT. Therefore CT have used 4%              
(12.8 mm) more of its total seasonal ET until anthesis and 0.4% more up to the end of anthesis. 
Although it was only 0.4% more, the difference was 38.2 mm water. During anthesis to maturity the 
CT treatment used 3.5% (34.5 mm) more water compared to NT. 
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Table 5.33. Soil water balance for medics-clover – wheat – medics-clover – wheat under conventional tillage (CT –McWMcW) during the 2014 growing 
season. All values are in mm. 
McWMcW - CT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 21.6 20.3 33.2 30.9 33.0 34.1 20.2 33.8 24.8 23.1 21.4 17.4 18.5 29.4 15.4 30.2 20.0 14.1 27.9 16.7 21.2 13.0 12.6 
100 – 200 18.9 18.0 33.1 30.1 31.7 33.1 19.1 31.3 17.8 15.9 14.4 12.1 12.4 18.7 11.2 22.4 14.3 10.6 21.5 11.3 14.0 10.2 9.7 
200 – 300 18.3 19.1 28.9 27.2 28.4 29.4 27.0 27.5 22.6 21.4 19.4 16.6 15.0 17.9 13.7 20.5 15.7 13.0 22.3 14.2 13.7 13.1 12.5 
300 – 400 16.8 17.6 27.5 26.2 26.9 27.8 25.3 25.5 21.9 19.9 18.7 16.6 14.7 14.9 12.9 13.2 13.5 12.2 16.0 12.5 12.1 11.9 12.1 
400 – 500 21.2 20.3 24.5 24.1 24.2 25.1 23.2 24.5 23.9 22.8 20.3 18.0 16.5 16.4 15.0 15.0 15.8 14.2 15.2 14.2 13.8 13.7 13.6 
500 – 600 20.1 20.7 22.6 22.7 22.9 37.1 23.3 24.7 24.3 23.6 22.3 19.2 17.9 18.0 17.0 17.6 19.5 17.0 17.6 18.1 16.5 16.0 15.9 
600 – 700 19.5 20.0 27.4 22.6 28.8 43.2 32.8 22.5 22.2 22.2 21.5 20.6 13.8 14.2 13.9 14.3 21.1 14.1 17.4 15.9 13.7 13.1 12.7 
700 – 800 18.9 19.3 31.4 31.1 42.2 42.4 42.2 28.3 27.3 27.2 26.0 24.6 22.5 15.4 16.1 16.8 25.4 15.9 24.6 24.3 15.8 14.7 14.4 
800 – 900 20.2 20.9 40.1 33.7 42.1 42.3 42.1 32.7 30.7 30.6 29.1 27.1 25.8 26.5 26.3 26.4 27.3 26.9 26.4 25.9 25.9 25.2 25.0 
900 – 1000 20.5 21.0 41.6 41.8 41.3 41.3 41.4 33.7 30.7 30.5 29.0 26.7 25.3 26.2 25.4 25.5 26.3 25.8 25.5 24.8 24.8 24.1 24.0 
Total SWC 195.9 197.4 310.5 290.5 321.5 355.8 296.6 284.6 246.2 237.2 222.1 198.9 182.4 197.6 166.8 202.0 198.8 163.8 214.5 177.8 171.5 154.9 152.4 
∆S  -1.5 -113.1 20.0 -31.1 -34.2 59.2 12.0 38.3 9.1 15.1 23.2 16.5 -15.2 30.8 -35.2 3.2 35.0 -50.7 36.7 6.3 16.6 2.5 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  0.2 67.7 0.0 0.0 7.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.4 0.0 5.0 0.0 0.0 24.3 0.0 0.0 0.0 0.0 
ΣU  0.2 67.9 67.9 67.9 75.4 75.4 75.4 75.4 75.4 75.4 75.4 75.4 87.9 87.9 92.9 92.9 92.9 117.2 117.2 117.2 117.2 117.2 
ET  0.0 0.0 28.1 4.5 0.0 68.8 17.6 42.4 11.4 20.7 24.7 17.3 0.0 30.8 0.0 7.3 39.3 0.0 41.7 21.3 16.6 8.1 
Average ET/day   0.00 0.00 3.55 0.76 0.00 6.38 1.61 6.08 1.59 3.03 3.00 2.97 0.00 4.14 0.00 1.05 5.55 0.00 5.27 2.64 2.40 1.19 
ΣET  0.0 0.0 28.1 32.6 32.6 101.4 119.0 161.4 172.7 193.4 218.1 235.4 235.4 266.1 266.1 273.4 312.7 312.7 354.5 375.8 392.3 400.5 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.34. Soil water balance for medics-clover – wheat – medics-clover – wheat (NT –McWMcW) under no-tillage during the 2014 growing season. All 
values are in mm. 
McWMcW - NT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 24.7 20.1 30.1 25.4 27.8 29.0 27.5 26.2 22.6 21.4 19.5 15.2 16.5 26.3 13.7 27.5 21.2 13.7 26.2 18.1 20.7 12.8 13.0 
100 – 200 22.8 16.5 24.9 21.9 25.5 27.9 24.4 22.0 18.0 16.6 15.3 12.9 12.2 16.1 11.9 21.4 15.9 12.7 20.3 14.6 16.2 12.8 11.8 
200 – 300 22.4 10.7 17.2 18.5 26.0 27.0 26.1 17.1 12.2 10.6 9.3 7.9 6.7 7.5 6.5 8.9 7.9 6.9 10.1 7.9 8.5 7.4 6.8 
300 – 400 21.8 16.3 25.0 24.2 23.6 24.2 23.5 23.0 21.9 16.9 16.2 15.0 13.5 13.8 13.0 14.9 14.1 13.1 15.3 13.5 14.0 13.3 12.8 
400 – 500 23.0 23.1 27.4 26.6 26.1 27.1 26.1 25.8 24.5 23.5 23.0 21.9 20.7 21.5 21.0 21.6 21.5 20.8 20.7 20.0 19.9 19.7 19.1 
500 – 600 22.6 22.9 26.0 25.3 25.1 27.7 24.3 24.0 23.4 22.5 22.1 21.3 20.4 21.4 20.9 21.0 21.3 20.5 19.9 19.2 19.1 18.9 18.3 
600 – 700 21.9 22.1 24.7 24.4 24.3 31.6 22.7 22.3 22.1 21.7 21.3 20.5 19.7 20.4 20.0 20.3 20.6 19.8 19.0 18.4 18.5 18.1 17.6 
700 – 800 20.4 20.5 22.0 21.6 29.9 30.3 29.7 20.7 20.5 20.5 20.2 19.4 19.0 19.7 19.1 19.1 19.5 18.5 18.3 17.5 17.2 16.9 16.5 
800 – 900 19.1 19.1 20.1 20.1 30.0 41.1 31.0 24.7 24.6 24.5 24.3 23.0 22.0 22.8 22.5 17.0 19.2 14.5 21.7 15.5 13.1 12.8 12.3 
900 – 1000 21.0 21.4 33.3 33.1 38.9 39.5 39.2 27.7 27.5 27.3 26.9 25.1 23.8 24.8 24.0 24.2 24.6 24.1 23.5 22.8 22.5 22.3 21.8 
Total SWC 219.6 192.7 250.8 241.0 277.3 305.4 274.5 233.6 217.1 205.5 198.1 182.3 174.6 194.3 172.7 195.9 185.9 164.7 195.0 167.4 169.6 154.9 150.1 
∆S  27.0 -58.1 9.8 -36.4 -28.0 30.9 41.0 16.4 11.6 7.4 15.8 7.7 -19.7 21.6 -23.2 10.0 21.2 -30.3 27.6 -2.3 14.7 4.8 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  0.0 12.6 0.0 0.8 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.9 0.0 0.0 0.0 0.0 3.9 0.0 0.0 0.0 0.0 
ΣU  0.0 12.6 12.6 13.4 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8 31.7 31.7 31.7 31.7 31.7 35.7 35.7 35.7 35.7 35.7 
ET  28.2 0.0 17.9 0.0 0.0 40.5 46.6 20.5 13.9 13.0 17.3 8.4 0.0 21.6 7.0 14.1 25.5 0.0 32.7 12.7 14.7 10.4 
Average ET/day   3.51 0.00 2.26 0.00 0.00 3.75 4.26 2.94 1.95 1.90 2.10 1.45 0.00 2.90 1.23 2.03 3.60 0.00 4.13 1.58 2.13 1.53 
ΣET  28.2 28.2 46.1 46.1 46.1 86.6 133.2 153.7 167.6 180.6 197.9 206.3 206.3 227.9 234.9 249.0 274.5 274.5 307.2 319.9 334.6 345.0 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
Stellenbosch University  https://scholar.sun.ac.za
117 
 
5.1.3.1.4 Wheat – canola – wheat – lupins 
The SWC of the CT – WCWL treatment (Table 5.35) was the second lowest of all treatments at 60, 92, 
and 154 days after planting. In the WCWL sequence the NT – WCWL treatment (Table 5.36) had a 
higher SWC, than CT – WCWL, throughout the whole season. The largest difference was 96.7 mm 
which was recorded 43 days after planting, while the lowest difference in SWC was 25.5 mm and 
occurred 140 days after planting. At the end of the season the NT stored 46.6 mm more water 
compared to the CT treatment. 
A water table was observed from 43 to 49 days after planting in the CT treatment. In the NT treatment 
the presence of a water table was only evident on 43 to 60 days after planting. 
Comparing the cumulative evapotranspiration between tillage treatments in the WCWL sequence,    
CT – WCWL had a higher water usage than NT –WCWL at the beginning and at the end of the season. 
From 92 until 154 days after planting, the NT treatment had a higher water usage than CT. As with 
WMcWMc and CWLW, no difference in cumulative evapotranspiration occurred on 22 and 29 days 
after plant. The largest difference recorded was at 140 days after planting when NT have used 14.6 
mm more water than CT. The smallest difference was at the end of the season when CT – WCWL only 
used 0.4 mm more water than NT – WCWL. 
From the start of measurement until 92 days after plant the percentage of total water usage hardly 
differed between CT (49.9% = 189.3 mm) and NT (50.4% = 191.1 mm). Up to 120 days after plant the 
percentage was 62.0% (235.4 mm) for CT and 64.9% (246.1 mm) for NT. From 92 days until 154 days 
the percentage of water used was 40.5% (153.9 mm) and 41.2% (156.4 mm) for CT and NT, 
respectively. Thus, the difference in water usage percentage was 0.5% (1.9 mm) and 2.9% (10.7 mm), 
higher for NT at 92 and 120 days after planting, respectively. During the period from 92 until 154 days 
after planting, the difference was only 0.7% (2.6 mm) higher for NT. 
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Table 5.35. Soil water balance for wheat – canola – wheat – lupins under conventional tillage (CT-WCWL) during the 2014 growing season. All values are in 
mm. 
WCWL - CT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 20.8 19.4 31.7 27.5 30.5 31.0 29.8 28.5 21.3 18.8 17.6 14.1 16.3 29.5 12.9 30.9 17.5 12.2 28.6 14.1 22.0 14.4 13.5 
100 – 200 19.4 18.4 28.8 26.4 28.4 29.1 28.9 24.4 20.1 17.6 16.0 13.6 13.1 21.5 12.5 26.9 16.4 12.0 25.3 12.7 16.2 13.5 12.8 
200 – 300 13.7 14.5 21.7 19.8 21.2 26.0 21.1 16.3 15.2 13.9 12.9 10.8 10.0 11.1 9.8 12.8 11.5 9.3 13.5 9.4 8.7 8.7 8.8 
300 – 400 12.7 13.6 20.3 18.3 19.2 30.8 28.6 14.6 14.1 13.9 13.8 11.4 10.6 11.0 9.7 9.7 9.8 8.9 9.3 8.2 7.5 7.5 7.4 
400 – 500 9.8 10.5 14.6 13.3 13.2 34.1 33.7 20.3 19.5 19.3 19.5 18.1 17.5 18.7 17.2 17.5 17.1 15.7 15.0 13.3 12.2 12.2 11.7 
500 – 600 7.8 8.5 9.8 8.6 18.3 31.8 31.3 26.5 21.4 20.7 20.9 20.7 20.8 22.3 21.0 21.5 20.9 19.1 17.9 14.8 13.2 13.1 12.7 
600 – 700 8.3 9.3 18.5 13.8 19.1 30.2 28.3 28.1 18.7 18.4 18.6 19.4 20.5 22.4 21.3 21.5 20.7 20.2 18.7 14.6 13.1 12.8 12.4 
700 – 800 7.3 7.7 16.9 14.4 19.2 40.2 28.3 27.9 19.9 18.8 18.9 18.7 20.1 22.9 22.1 22.3 21.1 21.2 19.9 16.6 14.4 14.1 13.6 
800 – 900 7.5 8.0 18.0 18.2 40.2 39.9 32.3 30.2 29.1 24.0 23.4 22.2 22.3 25.2 25.3 25.6 24.4 24.5 23.2 20.3 18.2 17.7 17.0 
900 – 1000 3.9 4.4 4.5 5.4 14.2 14.3 14.3 14.1 14.3 11.4 11.2 11.0 11.4 12.7 13.8 14.4 14.5 15.2 14.3 11.9 11.0 10.5 10.1 
Total SWC 111.2 114.4 184.9 165.7 223.5 307.5 276.6 230.8 193.6 176.7 172.7 159.9 162.7 197.3 165.5 203.1 174.0 158.4 185.5 136.0 136.6 124.4 119.9 
∆S  -3.1 -70.5 19.2 -57.8 -84.0 31.0 45.8 37.2 16.9 4.0 12.8 -2.8 -34.6 31.8 -37.6 29.1 15.6 -27.1 49.5 -0.7 12.2 4.5 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  1.9 25.1 0.0 22.3 57.4 0.0 0.0 0.0 0.0 0.0 0.0 2.1 31.8 0.0 7.4 0.0 0.0 0.7 0.0 0.0 0.0 0.0 
ΣU  1.9 26.9 26.9 49.2 106.6 106.6 106.6 106.6 106.6 106.6 106.6 108.7 140.5 140.5 147.9 147.9 147.9 148.6 148.6 148.6 148.6 148.6 
ET  0.0 0.0 27.3 0.0 0.0 40.6 51.3 41.2 19.2 9.6 14.3 0.0 0.0 31.8 0.0 33.2 19.9 0.0 54.6 14.3 12.2 10.1 
Average ET/day   0.00 0.00 3.45 0.00 0.00 3.75 4.71 5.92 2.68 1.41 1.74 0.00 0.00 4.28 0.00 4.79 2.81 0.00 6.89 1.77 1.77 1.48 
ΣET  0.0 0.0 27.3 27.3 27.3 67.9 119.3 160.5 179.7 189.3 203.6 203.6 203.6 235.4 235.4 268.6 288.5 288.5 343.1 357.4 369.6 379.7 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.36. Soil water balance for wheat – canola – wheat – lupins under no-tillage (NT-WCWL) during the 2014 growing season. All values are in mm. 
WCWL - NT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 18.8 17.9 29.2 25.6 28.7 30.1 29.7 27.1 20.3 18.1 17.1 13.6 16.6 29.4 13.9 30.1 20.6 13.9 28.4 16.0 23.5 15.8 15.6 
100 – 200 20.4 20.8 28.9 27.0 29.0 33.7 26.9 22.8 19.1 17.1 15.5 12.8 12.3 22.2 12.7 24.2 16.7 12.9 23.6 14.0 19.2 14.7 14.0 
200 – 300 18.2 19.1 26.2 24.3 27.0 34.0 30.9 25.9 23.0 21.2 19.3 16.1 14.3 15.7 14.3 20.2 17.3 14.7 22.1 16.4 18.2 16.0 15.0 
300 – 400 18.0 19.8 23.1 21.0 30.4 36.1 35.7 30.0 27.7 25.9 24.5 20.6 18.8 19.1 18.0 18.1 19.1 17.2 21.3 18.2 17.6 17.2 16.6 
400 – 500 14.9 17.3 28.5 25.2 28.1 34.8 34.3 29.5 29.0 27.3 26.7 23.9 22.4 22.9 21.2 20.5 20.5 19.2 21.7 19.1 17.8 17.8 17.4 
500 – 600 15.8 17.9 28.8 27.1 28.9 34.8 34.6 30.0 29.1 27.5 27.3 26.7 26.2 27.5 26.1 25.1 24.0 22.5 22.8 21.0 20.3 20.1 19.5 
600 – 700 12.0 13.9 26.6 21.1 29.4 39.2 33.6 28.3 27.1 22.6 22.7 23.2 23.4 25.0 23.8 23.1 21.7 20.4 18.9 17.9 17.5 17.3 17.0 
700 – 800 10.3 11.5 20.6 16.8 39.5 39.9 31.8 31.8 20.8 17.4 17.5 17.9 18.1 20.0 19.1 19.0 17.2 15.9 14.7 13.8 13.4 13.1 12.8 
800 – 900 9.6 10.8 21.4 22.1 39.6 39.0 38.9 33.3 27.9 25.9 20.8 19.9 20.4 22.5 21.8 22.1 21.7 20.1 18.1 17.1 16.7 16.3 15.8 
900 – 1000 11.5 11.9 22.0 31.0 39.5 39.8 39.2 32.1 32.1 29.8 28.3 27.1 28.2 30.7 30.2 30.0 29.8 27.1 25.5 24.4 24.0 23.8 22.9 
Total SWC 149.5 160.9 255.3 241.2 320.2 361.5 335.4 290.9 256.0 232.9 219.6 201.9 200.7 234.9 201.1 232.5 208.6 183.8 217.1 177.8 188.3 172.3 166.6 
∆S  -11.4 -94.4 14.1 -79.0 -41.3 26.0 44.5 34.9 23.2 13.2 17.7 1.2 -34.2 33.8 -31.4 23.9 24.7 -33.3 39.4 -10.6 16.0 5.7 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  10.1 49.0 0.0 43.4 14.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31.4 0.0 1.1 0.0 0.0 6.9 0.0 0.0 0.0 0.0 
ΣU  10.1 59.1 59.1 102.5 117.1 117.1 117.1 117.1 117.1 117.1 117.1 117.1 148.5 148.5 149.7 149.7 149.7 156.6 156.6 156.6 156.6 156.6 
ET  0.0 0.0 22.2 0.0 0.0 35.7 50.1 38.9 25.4 18.8 19.2 1.9 0.0 33.8 0.0 28.0 29.0 0.0 44.4 4.4 16.0 11.3 
Average ET/day   0.00 0.00 2.80 0.00 0.00 3.30 4.60 5.59 3.56 2.76 2.33 0.33 0.00 4.56 0.00 4.03 4.10 0.00 5.61 0.54 2.32 1.66 
ΣET  0.0 0.0 22.2 22.2 22.2 57.9 108.0 146.9 172.3 191.1 210.4 212.3 212.3 246.1 246.1 274.1 303.1 303.1 347.6 352.0 368.0 379.3 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.3.1.5 Canola – wheat – lupins – wheat  
The SWC in the CT – CWLW treatment (Table 5.37) was the lowest of all treatments during the whole 
season. The SWC in the NT – CWLW treatment (Table 5.38) was the second lowest of all treatments 
at 120 days after planting. Between the two tillage treatments in the CWLW sequence, the NT 
treatment had a higher SWC than CT throughout the whole season, except on 43, 49 and 60 days after 
planting when CT had a higher SWC. The SWC varied between 2.2 mm and 41.5 mm during the season. 
The smallest difference was on 71 days after planting, whereas the largest difference recorded, were 
126 days after planting. At the end of the season the NT – CWLW treatment had stored 20.8 mm more 
water than the CT treatment. 
The CT treatment had a water table from 43 until 60 days after planting. In the NT treatment the 
presence of a water table was noted on day 29 and from 43 until 49 days after planting. 
Cumulative evapotranspiration in the CT – CWLW treatment was the highest of all treatments at 92 
days after planting, while it was the second highest at 120 days after planting. The cumulative 
evapotranspiration for the NT – CWLW treatment was the second highest of all treatments 92 days 
after planting, whereas it was the highest at 120, 154 and 176 days after planting. The water usage 
between the two tillage treatments of CWLW was generally higher for NT, although CT had a higher 
water usage during 79 to 113 days after planting. As in the WMcWMc rotation, no difference in 
cumulative evapotranspiration between tillage treatments was recorded on 22 and 29 days after 
planting. The smallest difference (2.6 mm) was 106 days after planting. The largest difference was 
recorded at the end of the season when NT – CWLW had used 35.6 mm more water compared to the 
CT treatment. 
The water usage up to anthesis (92 days after planting) was 54.4% (233.8 mm) for CT and 48.0%    
(223.4 mm) for NT. Until the end of anthesis (120 days after planting) CT had a total water usage of 
69.9% (300.6 mm) and NT 65.2% (303.7 mm). The percentage water usage from anthesis to start of 
maturity (92 to 154 days after planting) was 38.1% (164.0 mm) in the CT treatment and 43.9%        
(204.5 mm) in the NT treatment. Thus CT – CWLW used 6.4% (10.4 mm) and more water until anthesis. 
At the end of anthesis, CT – CWLW used 4.7% more of the total percentage water used, however         
NT – CWLW still used 3.1 mm more water compared to CT at this stage. The NT – CWLW treatment 
used 5.8% (40.5 mm) more of its total seasonal ET from anthesis until the start of maturity.
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Table 5.37. Soil water balance for canola – wheat – lupins – wheat under conventional tillage (CT-CWLW) during the 2014growing season. All values are in 
mm. 
CWLW - CT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 11.3 10.6 23.7 19.2 22.9 23.7 23.2 21.6 17.0 14.6 12.9 9.5 11.6 21.4 8.3 23.3 13.5 7.7 21.0 10.3 13.6 7.0 7.0 
100 – 200 16.1 15.5 31.5 29.3 31.2 32.4 31.9 28.5 23.0 19.6 17.5 14.6 13.4 21.1 12.4 27.5 17.3 12.0 27.5 13.5 16.6 12.4 11.1 
200 – 300 16.6 16.7 29.4 28.6 30.5 31.8 30.6 27.7 23.2 18.7 16.6 14.3 12.5 14.0 12.0 17.9 15.2 11.7 22.0 12.6 12.1 11.6 10.9 
300 – 400 12.0 12.3 27.2 19.0 29.1 30.9 28.1 16.9 14.9 11.5 9.8 8.4 7.3 7.5 7.1 7.9 7.9 7.0 9.6 6.9 6.4 6.6 6.4 
400 – 500 9.5 9.7 25.2 21.5 31.8 32.0 26.6 10.1 9.5 8.4 7.6 6.4 5.7 5.9 5.6 5.5 5.8 5.5 5.9 5.0 4.7 4.9 4.7 
500 – 600 8.5 8.5 23.1 30.6 31.1 34.9 30.4 24.5 12.5 11.8 10.4 8.6 7.7 8.2 7.6 7.5 7.9 7.6 7.2 6.8 6.6 6.6 6.3 
600 – 700 6.3 6.8 21.6 30.1 35.6 42.7 32.9 29.0 20.6 18.8 17.5 14.6 13.4 13.7 12.8 12.9 13.4 12.7 12.3 11.9 11.5 11.5 11.4 
700 – 800 5.5 6.2 29.8 29.7 42.5 42.5 42.7 29.5 20.7 16.7 16.4 14.5 13.7 14.5 13.3 13.9 14.5 13.5 13.2 12.9 12.6 12.6 12.2 
800 – 900 7.4 10.2 30.9 30.3 41.6 41.5 41.8 34.5 34.7 31.0 23.7 22.0 19.7 20.0 18.0 19.1 20.0 18.0 18.2 17.6 17.1 17.0 16.5 
900 – 1000 5.8 7.9 26.6 26.2 26.2 25.7 26.3 25.9 26.3 26.4 22.5 17.6 15.9 15.8 14.7 17.0 15.9 14.7 16.7 14.2 14.0 14.0 13.4 
Total SWC 98.9 104.3 269.0 264.6 322.5 338.1 314.5 248.1 202.3 177.5 154.9 130.5 120.8 142.1 111.7 152.4 131.4 110.4 153.6 111.8 115.1 104.3 99.9 
∆S  -5.4 -164.7 4.4 -57.9 -15.7 23.6 66.4 45.8 24.8 22.5 24.4 9.7 -21.3 30.4 -40.7 21.0 21.0 -43.2 41.8 -3.4 10.9 4.4 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  4.1 119.3 0.0 22.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.5 0.0 10.5 0.0 0.0 16.8 0.0 0.0 0.0 0.0 
ΣU  4.1 123.4 123.4 145.7 145.7 145.7 145.7 145.7 145.7 145.7 145.7 145.7 164.2 164.2 174.7 174.7 174.7 191.5 191.5 191.5 191.5 191.5 
ET  0.0 0.0 12.5 0.0 11.0 33.2 72.0 49.9 27.1 28.1 25.9 10.4 0.0 30.4 0.0 25.1 25.3 0.0 46.9 11.6 10.9 10.0 
Average ET/day   0.00 0.00 1.58 0.00 1.72 3.08 6.59 7.15 3.81 4.12 3.15 1.79 0.00 4.09 0.00 3.62 3.57 0.00 5.92 1.44 1.57 1.46 
ΣET  0.0 0.0 12.5 12.5 23.5 56.8 128.8 178.6 205.7 233.8 259.8 270.2 270.2 300.6 300.6 325.6 350.9 350.9 397.8 409.4 420.3 430.3 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.38. Soil water balance for canola – wheat – lupins – wheat under no-tillage (NT-CWLW) during the 2014 growing season. All values are in mm. 
CWLW - NT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 16.4 16.1 28.6 25.1 28.3 29.1 27.2 27.2 22.2 20.6 18.7 13.3 14.3 28.3 10.7 28.9 17.5 10.7 27.3 16.0 20.2 10.8 10.4 
100 – 200 20.0 19.7 33.5 34.4 33.4 33.7 33.2 27.0 23.5 21.4 19.1 15.1 14.3 25.2 13.2 28.2 23.4 13.7 27.5 16.7 19.7 14.3 14.8 
200 – 300 15.6 17.6 32.5 30.9 32.5 33.2 31.7 20.0 16.8 15.2 13.2 11.1 9.6 12.3 9.2 16.8 12.1 9.6 18.4 12.0 12.0 10.7 9.6 
300 – 400 11.8 13.0 28.8 27.0 26.4 33.2 24.2 20.8 14.7 13.3 12.5 10.3 8.5 8.5 7.7 8.4 8.4 7.5 10.0 8.3 7.8 7.8 7.4 
400 – 500 7.0 7.4 22.1 21.2 32.2 32.1 21.0 19.1 14.4 13.9 13.4 11.8 10.6 10.4 9.7 9.5 9.8 9.1 9.0 8.5 8.3 8.3 7.9 
500 – 600 8.2 8.8 35.6 22.7 35.7 35.5 33.5 23.3 21.4 19.1 17.7 15.9 14.8 14.7 14.0 15.3 14.8 13.4 13.2 12.8 12.7 12.6 12.0 
600 – 700 7.6 8.7 34.8 34.2 34.8 34.7 33.5 24.0 24.2 17.6 16.8 14.9 13.8 13.8 12.8 21.4 14.3 12.7 13.9 12.4 12.3 12.4 11.7 
700 – 800 8.0 8.6 33.7 33.0 32.5 32.8 33.7 31.6 28.7 28.3 17.5 15.3 13.6 14.2 13.8 23.2 14.8 13.8 21.7 13.3 13.0 12.7 12.2 
800 – 900 8.7 9.6 31.7 31.2 31.1 31.2 33.3 32.4 32.7 30.3 29.9 23.1 20.6 20.7 20.8 24.2 22.6 20.9 23.7 20.2 20.1 19.6 18.6 
900 – 1000 8.2 13.3 25.1 24.8 24.9 24.9 25.0 24.8 25.1 22.0 21.4 19.4 18.0 17.4 17.5 18.2 18.9 17.7 19.4 17.9 17.5 17.1 16.1 
Total SWC 111.5 123.0 306.2 284.7 311.7 320.5 296.5 250.3 223.7 201.6 180.3 150.2 138.3 165.4 129.3 194.0 156.7 129.2 184.1 138.1 143.4 126.2 120.7 
∆S  -11.4 -183.3 21.5 -27.0 -8.8 24.0 46.2 26.7 22.1 21.4 30.1 11.9 -27.1 36.1 -64.6 37.3 27.5 -54.9 46.0 -5.4 17.2 5.6 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  10.2 137.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.3 0.0 34.4 0.0 0.0 28.5 0.0 0.0 0.0 0.0 
ΣU  10.2 148.0 148.0 148.0 148.0 148.0 148.0 148.0 148.0 148.0 148.0 148.0 172.3 172.3 206.7 206.7 206.7 235.2 235.2 235.2 235.2 235.2 
ET  0.0 0.0 29.7 8.5 17.9 33.6 51.8 30.7 24.3 26.9 31.6 12.6 0.0 36.1 0.0 41.4 31.8 0.0 51.0 9.6 17.2 11.2 
Average ET/day   0.00 0.00 3.74 1.45 2.80 3.12 4.74 4.40 3.42 3.95 3.84 2.17 0.00 4.86 0.00 5.97 4.49 0.00 6.44 1.19 2.49 1.64 
ΣET  0.0 0.0 29.7 38.2 56.1 89.7 141.4 172.2 196.5 223.4 255.0 267.6 267.6 303.7 303.7 345.1 376.9 376.9 427.9 437.5 454.7 465.9 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.3.1.6 Wheat – lupins – wheat – canola  
The SWC in the CT – WLWC treatment (Table 5.39) was the second lowest SWC of all treatments at 
176 days after planting. The SWC between the two tillage treatments of the WLWC sequence varied 
greatly and it is thus difficult to identify the treatment with the highest SWC. The smallest difference 
recorded was 29 days after planting when NT – WLWC (Table 5.40) had 1.9 mm less water compared 
to CT. The largest difference of 21.4 mm was recorded 126 days after planting, when SWC was higher 
in NT. At the end of the season the NT – WLWC treatment had only stored 2.2 mm more water than 
the CT treatment. Weed problems were an issue in some of the plots for this treatment. 
The presence of a water table was noted in the CT treatment from 37 to 71 days after planting, while 
a water table was observed at 29 days after planting and from 43 to 60 days after planting in the NT 
treatment. 
The cumulative evapotranspiration in the NT – WLWC treatment was the highest of all treatments at 
92 days after planting and the second highest at 154 and 176 days after planting. In the WLWC rotation 
the NT treatment had a higher water usage compared to the CT treatment throughout the whole 
season. The cumulative evapotranspiration varied between 1.6 mm and 61.1 mm through the season. 
The smallest difference was recorded at 22 days after planting whereas the largest difference occurred 
154 days after planting. At the end of the season the NT – WLWC treatment used 53.9 mm more water 
compared to the CT treatment. 
The percentage of total water usage up to full bloom (92 days after planting) was 45.1% (182.5 mm) 
and 40.8% (186.8 mm) for the CT and NT treatments, respectively. Water usage up to anthesis (120 
days after planting) was 60.9% (246.1 mm) for CT and 59.4% (272.1 mm) for NT. During the period 
from full bloom to start of maturity (92 to 154 days after planting) CT have used 40.0% (162.0 mm) 
and NT 47.7% (218.8 mm). Thus, the percentage of total water usage in the CT – WLWC treatment 
was 4.4% and 1.5% higher at full bloom and anthesis, however the amount of water used was 4.3 mm 
and 26.0 mm higher, respectively at each of these occasions, in the NT – WLWC treatment. From full 
bloom until start of maturity the NT – WLWC treatment used 7.7% (56.8 mm) more water than CT. 
Thus, it can be concluded that the percentage of total water usage was higher during the early stages 
of the CT – WLWC treatment, although the amount of water used was higher in the NT – WLWC 
treatment throughout the season.
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Table 5.39. Soil water balance for wheat – lupins – wheat – canola under conventional tillage (CT-WLWC) during the 2014 growing season. All values are in 
mm. 
WLWC - CT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 20.3 20.9 31.0 29.1 32.3 32.2 30.9 28.2 23.5 22.8 21.1 17.4 19.3 28.1 16.9 29.3 20.4 15.3 27.4 16.0 19.1 10.5 11.2 
100 – 200 22.7 22.0 32.1 31.2 32.8 33.5 32.5 28.7 26.0 24.6 22.9 19.8 20.0 27.3 18.3 28.8 21.5 17.4 29.8 17.5 19.8 13.6 12.5 
200 – 300 19.6 20.4 30.3 28.8 30.2 31.4 29.8 27.6 26.0 24.6 21.6 19.3 18.5 21.9 16.6 19.9 18.5 15.7 25.8 16.5 15.7 12.5 11.4 
300 – 400 22.1 21.6 28.9 27.7 28.7 30.2 29.0 26.9 25.6 24.5 21.5 19.0 17.8 18.1 16.0 17.3 16.5 14.6 19.4 14.8 13.3 11.3 10.6 
400 – 500 21.5 21.6 24.6 23.8 24.8 27.9 23.5 22.7 22.4 22.5 21.9 16.1 14.9 15.4 13.6 14.2 13.8 12.2 13.0 11.8 10.5 9.3 8.8 
500 – 600 19.5 19.3 21.2 20.5 30.3 42.6 31.5 20.5 20.6 20.6 20.7 20.3 17.7 18.5 17.8 17.0 17.8 16.1 16.2 15.4 13.7 12.6 12.0 
600 – 700 19.0 18.9 29.3 19.2 42.7 42.8 32.8 19.0 19.0 19.0 18.9 18.8 16.4 16.4 16.8 16.2 18.1 15.7 15.5 15.2 13.7 12.3 11.9 
700 – 800 19.1 19.2 30.7 27.9 42.8 42.8 42.0 32.7 27.7 26.9 26.0 24.1 23.2 21.9 23.3 22.8 24.3 21.9 22.9 22.1 19.9 18.1 17.6 
800 – 900 18.9 19.1 30.4 36.3 41.2 41.4 41.1 35.1 34.9 30.0 29.2 27.2 26.0 26.1 25.1 24.7 25.1 23.3 24.0 23.4 18.8 18.1 17.9 
900 – 1000 3.2 3.4 12.5 12.3 12.5 12.4 12.3 12.2 12.0 9.6 8.7 8.4 7.8 7.5 6.3 6.0 5.8 5.1 4.9 4.7 4.3 4.1 4.0 
Total SWC 186.0 186.5 270.9 256.9 318.3 337.2 305.6 253.5 237.7 225.2 212.5 190.4 181.6 201.1 170.6 196.3 181.9 157.2 198.8 157.4 148.8 122.3 118.0 
∆S  -0.5 -84.4 14.0 -61.4 -18.9 31.6 52.1 15.8 12.5 12.8 22.0 8.9 -19.5 30.5 -25.7 14.5 24.7 -41.6 41.4 8.7 26.4 4.3 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  0.0 39.0 0.0 25.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.7 0.0 0.0 0.0 0.0 15.2 0.0 0.0 0.0 0.0 
ΣU  0.0 39.0 39.0 64.8 64.8 64.8 64.8 64.8 64.8 64.8 64.8 64.8 81.5 81.5 81.5 81.5 81.5 96.7 96.7 96.7 96.7 96.7 
ET  0.8 0.0 22.1 0.0 7.8 41.2 57.7 19.8 14.8 18.3 23.5 9.6 0.0 30.5 4.5 18.5 29.0 0.0 46.4 23.6 26.4 9.9 
Average ET/day   0.09 0.00 2.79 0.00 1.22 3.82 5.28 2.85 2.08 2.69 2.86 1.65 0.00 4.11 0.78 2.67 4.09 0.00 5.86 2.93 3.82 1.46 
ΣET  0.8 0.8 22.9 22.9 30.6 71.9 129.6 149.4 164.2 182.5 206.0 215.6 215.6 246.1 250.6 269.1 298.1 298.1 344.5 368.1 394.6 404.5 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.40. Soil water balance for wheat – lupins – wheat – canola under no-tillage (NT-WLWC) during the 2014 growing season. All values are in mm. 
WLWC - NT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 16.5 15.3 21.6 19.6 21.5 22.6 22.2 22.2 19.1 19.0 18.7 14.5 15.5 23.3 12.5 23.6 17.6 12.3 22.3 13.1 14.9 8.5 8.3 
100 – 200 24.2 22.3 31.3 28.6 30.3 34.3 28.1 25.4 22.5 21.0 19.7 15.7 17.0 24.9 13.6 28.1 18.3 13.4 26.6 14.0 17.1 9.9 9.6 
200 – 300 14.1 13.9 24.7 18.6 28.7 33.0 20.8 16.8 15.3 13.8 12.7 10.7 11.6 15.3 9.4 17.9 11.8 8.9 16.4 9.1 11.2 6.5 6.0 
300 – 400 15.7 16.2 25.2 23.9 24.4 27.6 24.8 24.1 23.7 22.9 21.3 19.0 17.1 19.1 14.0 17.9 15.8 13.3 18.8 13.9 13.4 11.1 10.4 
400 – 500 20.0 20.4 22.0 21.8 22.8 33.9 29.4 24.7 24.3 23.8 23.1 21.1 19.5 21.3 17.2 17.5 17.7 16.2 17.5 16.1 15.2 13.8 13.2 
500 – 600 24.5 24.9 26.5 26.7 29.2 34.2 33.4 29.1 28.9 28.4 27.2 25.1 23.3 25.1 22.2 21.9 22.7 21.2 20.8 20.1 19.5 18.2 17.4 
600 – 700 23.2 23.8 24.9 24.8 31.0 41.9 30.8 27.9 27.3 27.1 26.4 24.3 18.7 20.1 18.6 19.4 19.2 17.6 18.2 16.8 16.3 15.2 14.5 
700 – 800 22.5 22.7 24.4 23.7 41.4 41.9 30.8 25.3 24.7 24.6 24.5 23.3 19.5 14.2 14.0 22.5 14.7 12.8 21.8 11.9 11.4 10.6 9.9 
800 – 900 22.4 22.6 30.0 25.5 40.4 40.4 30.6 27.3 26.1 26.0 26.0 25.1 23.7 19.9 15.6 23.6 24.0 14.2 22.6 13.2 12.0 11.4 10.7 
900 – 1000 22.8 23.0 38.5 27.9 39.2 39.2 39.0 33.1 28.6 28.3 28.2 27.5 26.2 26.5 25.3 25.2 25.8 25.1 24.5 24.1 22.1 20.9 20.1 
Total SWC 206.0 205.0 269.0 241.1 308.8 349.1 289.8 255.8 240.6 235.0 227.7 206.2 192.0 209.7 162.4 217.8 187.6 154.9 209.6 152.4 153.1 126.0 120.2 
∆S  1.1 -64.0 27.9 -67.7 -40.3 59.3 34.0 15.3 5.6 7.3 21.5 14.2 -17.7 47.4 -55.4 30.2 32.7 -54.7 57.1 -0.6 27.1 5.8 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  0.0 18.6 0.0 32.1 13.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.9 0.0 25.2 0.0 0.0 28.3 0.0 0.0 0.0 0.0 
ΣU  0.0 18.6 18.6 50.7 64.3 64.3 64.3 64.3 64.3 64.3 64.3 64.3 79.3 79.3 104.5 104.5 104.5 132.8 132.8 132.8 132.8 132.8 
ET  2.3 0.0 36.0 0.0 0.0 68.9 39.6 19.3 7.9 12.8 23.0 14.9 0.0 47.4 0.0 34.3 37.0 0.0 62.2 14.3 27.1 11.4 
Average ET/day   0.29 0.00 4.54 0.00 0.00 6.39 3.62 2.77 1.11 1.88 2.79 2.56 0.00 6.39 0.00 4.95 5.22 0.00 7.85 1.77 3.92 1.67 
ΣET  2.3 2.3 38.3 38.3 38.3 107.3 146.8 166.1 174.0 186.8 209.8 224.8 224.8 272.1 272.1 306.4 343.4 343.4 405.6 419.9 447.0 458.4 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward capillary 
flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 
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5.1.3.1.7 Lupins – wheat – canola – wheat  
In the LWCW sequence, CT – LWCW (Table 5.41) had the highest SWC throughout the whole season 
except on 49 and 60 days after plant when it was higher in NT – LWCW (Table 5.42). The largest 
difference between the treatments was recorded right at the start of measurements, when the SWC 
in CT was 46.8 mm higher than NT. However the second largest difference (42.5 mm) was on 92 days 
after planting. The smallest difference (0.3 mm) occurred at 43 days after plant. At the end of the 
season the CT – LWCW treatment had stored 18.3 mm more water compared to NT. 
A water table in the CT treatment was observed on day 29 and from 43 until 79 days after planting, 
while there was a water table present also from 43 to 79 days after planting in the NT treatment. 
The cumulative evapotranspiration in the CT – LWCW treatment was the lowest of all treatments at 
92 days after planting. In the LWCW sequence, the NT – LWCW treatment had a higher water usage 
throughout the whole season except on 22, 29, and 49 days after planting when the water usage was 
higher in the CT treatment. The smallest difference (2.2 mm) was at 37 days after planting, whereas 
the largest difference (56.0 mm) was recorded 133 days after planting. At the end of the season the 
CT – LWCW treatment have used 20.7 mm less water compared to NT. 
The total water usage up to anthesis (92 days after planting) was 39.2% (146.1 mm) for CT and 50.6% 
(198.8 mm) for NT. At the end of anthesis (120 days after planting) the percentage water usage for 
the CT treatment was 61.1% (227.4 mm) and 70.6% (277.4 mm) for NT. The water usage from anthesis 
tot start of maturity (92 to 154 days after planting) was 47.5% (176.9 mm) in CT and 40.3% (157.4 mm) 
for the NT treatment. The NT treatment used 11.3% (52.7 mm) more of its total seasonal ET up to 
anthesis and also used 9.5% (49.9 mm) more of its total seasonal water usage until the end of anthesis 
(120 days after planting), compared to the CT treatment.. However, during anthesis to start of 
maturity the CT treatment used 7.5% (19.5 mm) more of its total seasonal ETcompared to NT. 
Stellenbosch University  https://scholar.sun.ac.za
127 
 
Table 5.41. Soil water balance for lupins – wheat – canola - wheat under conventional tillage (CT-LWCW) during the 2014 growing season. All values are in 
mm. 
LWCW - CT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 19.5 18.7 28.1 25.7 28.3 29.0 27.7 27.8 25.3 24.6 23.3 17.6 16.9 26.7 12.1 27.4 18.4 10.4 24.6 13.5 14.8 7.9 8.5 
100 – 200 23.4 22.8 36.3 33.8 35.4 36.2 33.3 31.5 29.0 27.9 26.3 20.9 18.1 24.5 16.5 30.7 21.3 15.6 28.9 17.2 19.7 14.5 13.1 
200 – 300 19.5 19.8 35.3 31.8 34.3 35.2 32.9 24.4 21.4 19.9 19.0 16.5 14.6 14.3 12.9 15.1 15.2 12.4 21.0 14.4 14.3 12.6 11.3 
300 – 400 16.0 16.0 36.2 34.2 35.4 36.0 34.3 32.7 28.3 26.8 26.0 23.7 21.4 20.6 19.4 19.0 20.1 18.5 22.7 19.8 18.7 18.2 17.3 
400 – 500 25.6 20.3 34.7 33.2 34.4 35.2 33.8 32.4 30.8 29.2 27.8 24.8 22.7 22.4 21.3 21.3 22.3 20.6 21.8 21.3 19.9 19.8 18.9 
500 – 600 24.1 24.8 31.7 30.7 32.6 36.7 33.5 31.6 30.5 28.7 28.3 20.3 17.5 17.9 17.3 17.3 20.9 17.1 25.0 17.6 15.9 15.9 14.9 
600 – 700 24.3 24.7 28.7 28.5 30.8 35.5 35.0 32.0 30.7 29.3 28.6 26.9 21.5 21.9 22.2 23.0 26.5 22.6 25.4 24.9 22.0 21.8 20.5 
700 – 800 23.7 24.1 26.8 26.7 34.9 35.3 34.8 30.4 29.2 28.3 28.0 26.4 25.2 18.5 25.0 25.4 25.9 23.7 25.0 24.5 24.4 24.2 22.3 
800 – 900 24.6 25.0 27.3 27.2 35.5 36.8 35.1 34.9 31.5 30.7 30.2 28.6 27.1 28.0 27.0 27.0 27.6 26.8 26.3 25.6 25.5 25.2 24.5 
900 – 1000 26.0 26.3 28.8 29.5 36.9 43.7 39.1 38.3 35.8 34.7 34.5 32.3 30.6 31.4 29.8 30.6 30.9 30.0 29.5 28.5 28.1 27.9 27.1 
Total SWC 226.7 222.6 313.9 301.5 338.6 359.6 339.5 315.9 292.6 280.2 272.2 238.1 215.8 226.2 203.4 236.8 229.1 197.8 250.2 207.1 203.2 188.0 178.3 
∆S  4.1 -91.3 12.4 -37.1 -21.1 20.2 23.5 23.3 12.4 8.0 34.1 22.3 -10.4 22.7 -33.4 7.7 31.4 -52.4 43.0 4.0 15.2 9.7 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  0.0 45.8 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.6 0.0 3.2 0.0 0.0 26.0 0.0 0.0 0.0 0.0 
ΣU  0.0 45.8 45.8 47.4 47.4 47.4 47.4 47.4 47.4 47.4 47.4 47.4 55.0 55.0 58.2 58.2 58.2 84.2 84.2 84.2 84.2 84.2 
ET  5.3 0.0 20.5 0.0 5.6 29.8 29.1 27.4 14.7 13.6 35.6 23.1 0.0 22.7 0.0 11.8 35.7 0.0 48.1 18.9 15.2 15.3 
Average ET/day   0.66 0.00 2.59 0.00 0.88 2.76 2.67 3.93 2.06 1.99 4.32 3.96 0.00 3.06 0.00 1.70 5.03 0.00 6.07 2.35 2.20 2.24 
ΣET  5.3 5.3 25.9 25.9 31.5 61.3 90.4 117.8 132.5 146.1 181.6 204.7 204.7 227.4 227.4 239.2 274.9 274.9 323.0 341.9 357.1 372.4 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration  
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Table 5.42. Soil water balance for lupins – wheat – canola - wheat under no-tillage (NT-LWCW) during the 2014 growing season. All values are in mm. 
LWCW - NT                        
Days after planting 14 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Date 
 

























































































































































































0 – 100 18.5 17.6 28.6 25.4 27.6 29.5 27.5 28.0 25.2 23.6 22.1 17.1 17.7 27.6 13.8 28.9 21.6 13.3 26.7 18.1 20.1 12.1 13.1 
100 – 200 21.6 21.1 32.6 30.2 33.1 33.4 31.4 29.4 26.6 25.0 22.7 18.5 17.1 24.1 15.8 29.0 21.1 16.0 28.5 18.4 21.9 17.0 16.0 
200 – 300 17.5 18.5 33.6 24.6 31.2 31.9 32.4 24.7 21.1 19.6 17.5 14.8 13.2 14.1 12.7 18.0 15.5 13.1 21.1 14.7 16.5 14.1 13.1 
300 – 400 17.2 19.0 34.6 33.3 33.8 34.6 34.1 32.5 23.4 22.2 20.7 18.1 16.6 17.0 15.5 15.8 16.2 14.9 20.0 15.7 16.1 15.4 14.6 
400 – 500 13.6 14.2 30.9 30.2 30.1 31.3 30.6 29.4 28.9 24.5 18.5 16.5 15.1 15.8 15.0 15.1 15.2 14.5 14.9 13.8 13.5 13.3 12.9 
500 – 600 9.1 12.2 27.3 26.5 26.4 38.1 28.1 24.1 24.1 23.4 22.8 15.3 14.7 15.3 15.5 15.2 15.6 15.1 14.3 14.2 13.8 13.8 13.2 
600 – 700 22.2 22.0 24.4 23.7 26.1 44.3 33.4 22.1 22.0 21.7 21.4 20.0 17.1 17.7 17.5 17.5 18.0 17.6 16.8 16.6 16.7 16.2 15.7 
700 – 800 21.4 21.7 25.4 24.7 43.4 43.4 41.6 31.2 29.1 28.9 28.2 26.1 19.1 19.3 19.1 18.7 19.2 18.9 17.9 17.7 17.5 17.2 16.2 
800 – 900 19.4 19.3 29.8 28.9 43.4 43.3 42.8 34.1 28.5 27.8 27.4 25.3 24.2 24.3 24.0 23.3 24.5 24.2 23.2 22.9 22.9 22.4 21.7 
900 – 1000 19.4 19.4 30.6 30.4 43.2 43.4 42.9 35.0 35.1 28.9 28.4 26.7 25.4 25.8 25.0 25.2 25.9 25.7 24.9 24.5 24.6 24.3 23.6 
Total SWC 179.9 185.1 297.9 278.0 338.3 373.3 344.8 290.6 264.0 245.6 229.6 198.3 180.2 200.9 174.0 206.7 192.9 173.3 208.4 176.4 183.6 165.7 160.0 
∆S  -5.2 -112.8 19.9 -60.3 -35.0 28.5 54.2 26.6 18.3 16.0 31.3 18.1 -20.7 26.8 -32.7 13.8 19.6 -35.1 32.0 -7.2 17.9 5.7 
P  1.3 45.5 8.1 35.6 26.7 9.6 5.6 4.1 2.3 5.6 1.5 0.8 2.8 0.0 30.2 4.1 4.3 26.4 5.1 15.0 0.0 5.6 
ΣP  1.3 46.7 54.8 90.4 117.1 126.7 132.3 136.3 138.6 144.2 145.7 146.4 149.2 149.2 179.4 183.5 187.8 214.2 219.3 234.2 234.2 239.8 
U  3.9 67.4 0.0 24.7 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.9 0.0 2.4 0.0 0.0 8.7 0.0 0.0 0.0 0.0 
ΣU  3.9 71.3 71.3 96.1 104.4 104.4 104.4 104.4 104.4 104.4 104.4 104.4 122.3 122.3 124.8 124.8 124.8 133.5 133.5 133.5 133.5 133.5 
ET  0.0 0.0 28.0 0.0 0.0 38.1 59.8 30.7 20.6 21.6 32.8 18.9 0.0 26.8 0.0 17.9 23.9 0.0 37.1 7.7 17.9 11.3 
Average ET/day  0.00 0.00 3.54 0.00 0.00 3.53 5.48 4.40 2.89 3.16 3.99 3.24 0.00 3.61 0.00 2.58 3.37 0.00 4.67 0.96 2.59 1.66 
ΣET  0.0 0.0 28.0 28.0 28.0 66.2 125.9 156.6 177.2 198.8 231.6 250.5 250.5 277.4 277.4 295.2 319.1 319.1 356.2 363.9 381.8 393.1 
Total SWC: total soil water content;   ∆S: change in soil water content (negative values = increase in SWC);   P: precipitation;   ΣP: cumulative precipitation;   U: upward 
capillary flow;   ΣU: cumulative upward capillary flow;   ET: evapotranspiration;   Average ET/day: average evapotranspiration per day;   ΣET: cumulative evapotranspiration 




5.2.1 2013 Growing season 
Considering all the data presented in Tables 5.1 to 5.14, the following was observed during the 2013 
growing season. During the start of the growing season rainfall was sufficient up to about 100 days 
after planting while cumulative rainfall was higher than the cumulative evapotranspiration. From 
there on crops were reliant on water stored in the subsoil. There was a sharp decrease in soil water 
content at 92 days after plant, indicating higher water usage from all the crops. At that stage there 
was also a sharp increase in cumulative evapotranspiration to support this statement. An important 
point to mention is the sharp increase in cumulative evapotranspiration after rainfall events, which 
indicated how evaporation is higher from a “saturated soil” (Gardner et al., 1999) compared to a “drier 
soil”. This can also be linked to the crops growing faster after supplementation of soil water byrainfall 
and increased transpiration. Cumulative ater usage was on average only about 23% of the total 
seasonal water usage by start of anthesis (92 days after planting). Due to high water demand of crops 
after anthesis to start of maturity (155 days after planting), 62% of the total water usage 
(evapotranspiration) occurred during this period. Rainfall around 92 days after planting sufficiently 
supplemented the profiles with water, whereafter more rain at 113 days after planting was enough to 
supply crops until the start of maturity (155 days after planting). Thereafter rainfall was sufficient to 
supply the lower evapotranspiration demand during maturity when the soil water content remained 
relatively constant until the end of the season. The rainfall during the last part of the growing season 
also prevented the soil profiles from completely drying out before the start of fallow. 
A summary of the water balances for al treatments at the end of the 2014 growing season is presented 
in Table 5.43. The NT – WCWL (230.4 mm) and CT – WCWL (221.2) treatments ended with the highest 
and second highest SWC, respectively, at the end of the 2013 growing season. The latter mentioned 
treatments also had the largest change in SWC from the start to the end of the season. The CT – WCWL 
treatment gained 106.1 mm and NT – WCWL 97.6 mm. These high gains in SWC are attributed to the 
NT – WCWL treatment which had the smallest cumulative evapotranspiration (359.1 mm) at the end 
of the season, while the CT – WCWL treatment gained 196.9 mm soil water by upward capillary flow. 
Both the WCWL treatments were also left fallow (chemically killed all plants) during the 2013 growing 
season, due to weed problems. Thus the water usage in the WCWL treatments were largely the result 
of evaporation as there were no plants present that could extract water from deeper down in the 
profile, it possibly resulted in the higher SWC at the end of the season if compared to the other 
treatments. At the end of the season, the NT – WLWC treatment had a SWC of 3.9 mm less than at 
the start of the season, and the only treatment that ended with a negative water balance. The reason 
for the negative water balance in this NT – WLWC treatment is attributed to it having the highest 
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cumulative evapotranspiration (513.2 mm) of all treatments at the end of the season. The lowest gain 
in SWC   (6.5 mm) was in the NT – WMcWMc treatment, which had a fairly low contribution by upward 
capillary flow (104.0 mm). The treatments which had the largest contibution by upward capillary flow 
were NT – CWLW (199.4 mm) followed by NT – McWMcW (197.1 mm), while these latter two 
treatments had fairly similar and also the second highest cumulative evapotranspiration                           
(NT – McWMcW: 499.4 mm; NT – CWLW: 499.1 mm) of all treatments. CT – WLWC (85.2 mm) and   
NT – WMcWMc (140.0 mm) had the lowest and second lowest contribution by upward capillary flow, 
respectively. 







SWC-end ∆SWC =  + ΣP  + ΣU  - ΣET 
CT 
WWWW  132.3 152.8 20.5 
341.3 
152.0 472.9 
WMcWMc 148.8 181.7 32.9 109.0 417.3 
McWMcW  114.5 165.3 50.8 186.4 476.6 
WCWL 115.1 221.2 106.1 196.9 432.2 
CWLW 102.1 174.2 72.1 138.6 407.7 
WLWC 133.9 156.7 22.8 85.2 403.8 
LWCW 107.5 142.5 35.0 122.8 429.1 
NT 
WWWW  182.2 218.6 36.4 
341.3 
149.1 454.0 
WMcWMc 125.1 131.6 6.5 104.0 438.8 
McWMcW  124.5 163.5 39.0 197.1 499.4 
WCWL 132.8 230.4 97.6 115.3 359.1 
CWLW 126.2 167.8 41.6 199.4 499.1 
WLWC 133.1 129.2 -3.9 168.1 513.2 
LWCW 141.7 171.3 29.6 178.3 490.0 
SWC-start: soil water content at the start of the season; SWC-end: soil water content at the end of the season; 
∆SWC: change in soil water content (negative values indicates more water were lost than gained during the 
season); ΣP: cumulative precipitation; ΣU cumulative upward capillary flow; ΣET: cumulative evapotranspiration. 
 
5.2.2 2014 Growing season 
Considering all the data of the 2014 growing season presented in Tables 5.29 to 5.42., the following 
became evident: cumulative rainfall was higher than the evapotranspiration demand up to 71 days 
after planting, from where water usage was higher than cumulative rainfall until the end of the 2014 
season, and crops were more reliant on water stored in the subsoil. Soil water content started to 
deplete rapidly from about 49 days after planting and there was also a sharp increase in cumulative 
evapotranspiration since then until 113 days after planting. This was an indication of crop growth. The 
same trend was observed as in the 2013 season, where there was a sharp increase in cumulative 
evapotranspiration after rainfall events. This can most probably be attributed to the higher 
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evaporation rates from “saturated soil” and also rapid growth of crops after soil water content was 
supplemented by means of rainfall. Interesting to note at 113 days after planting, how a low amount 
of rainfall increased the soil water content and a minor decrease/flattening of the cumulative 
evapotranspiration follow, even though the profiles were not saturated (Figure A-15 in Appendix 6). 
Water usage was on average around 47% of the total water usage by start of anthesis (92 days after 
planting), while 41% was used in the period from anthesis to start of maturity (155 days after planting). 
Similar to the 2013 growing season, rainfall from 120 to 162 days after planting was sufficient for crops 
to mature and not deplete the profile completely before fallow. A large difference, in terms of rainfall, 
between the two growing seasons occurred at 70 and 92 days after planting. During 2013 it rained 
27.7 mm and 64.8 mm, respectively, while only 5.6 mm rain were recorded for each of these periods 
during 2014. 
Table 5.44 is a summary of the water balances for all treatments at the end of the 2014 growing 
season. The NT – WWWW (230.7 mm) and CT – WWWW (200.9 mm) treatments ended with the 
highest SWC at the end of the 2014 season. Even though these treatments have ended with the 
highest SWC of all treatments, both these treatments ended with a negative water balance.                     
NT – WWWW ended with a SWC of 39.9 mm less than what it started the season with, while                     
CT – WWWW ended with 22.5 mm less. In contrast to the latter mentioned treatments, the                      
CT – CWLW (99.9 mm) treatment ended with the lowest SWC of all treatments at the end of the 2014 
growing season, although this treatment still gained 1.0 mm more at the end of the season and had a 
positive water balance. The NT – WCWL (17.1 mm) and CT – WMcWMc (16.9 mm) treatments had the 
largest gain in SWC from start to end of the growing season. The gain in SWC of the CT – WMcWMc 
treatment is attributed to this treatment having the smallest cumulative evapotranspiration (325.2 
mm) of all treatments at the end of the season. The NT – McWMcW treatment had the second highest 
change (loss) of SWC, and is linked to this treatment also having the lowest contribution of upward 
capillary flow (35.7 mm) as this treatment had a fairly low cumulative evapotranspiration compared 
to the other treatments. The NT – WLWC treatment ended with a SWC of 85.8 mm less than what it 
started the season with and this was also the largest change in SWC of all treatments at the end of the 
2014 growing season. This large change (loss) in SWC is ascribed to NT – WLWC having the second 
highest cumulative evapotranspiration (458.4 mm) at the end of the season. The NT – CWLW had the 
highest cumulative evapotranspiration (465.9 mm) at the end of the season and also showed a gain 
of 9.2 mm in SWC at the end of the season. The latter mentioned result is linked to this NT – CWLW 
treatment having had the largest contribution of upward capillary flow (235.2 mm).  
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SWC-end ∆SWC =  + ΣP  + ΣU  - ΣET 
CT 
WWWW  223.4 200.9 -22.5 
239.8 
160.6 423.0 
WMcWMc 157.7 174.6 16.9 102.4 325.2 
McWMcW  195.9 152.4 -43.5 117.2 400.5 
WCWL 111.2 119.9 8.7 148.6 379.7 
CWLW 98.9 99.9 1.0 191.5 430.3 
WLWC 186.0 118.0 -68.0 96.7 404.5 
LWCW 226.7 178.3 -48.4 84.2 372.4 
NT 
WWWW  270.6 230.7 -39.9 
239.8 
104.3 384.0 
WMcWMc 156.7 163.5 6.8 149.6 382.7 
McWMcW  219.6 150.1 -69.5 35.7 345.0 
WCWL 149.5 166.6 17.1 156.6 379.3 
CWLW 111.5 120.7 9.2 235.2 465.9 
WLWC 206.0 120.2 -85.8 132.8 458.4 
LWCW 179.9 160.0 -19.9 133.5 393.1 
SWC-start: soil water content at the start of the season; SWC-end: soil water content at the end of the season; 
∆SWC: change in soil water content (negative values indicates more water were lost than gained during the 
season); ΣP: cumulative precipitation; ΣU cumulative upward capillary flow; ΣET: cumulative evapotranspiration. 
 
5.2.3 2013 and 2014 Growing seasons 
Taking into account both the 2013 and 2014 growing seasons, it can be concluded that there was a 
tendency that no-till generally had a higher soil water content and cumulative evapotranspiration than 
the conventional tillage treatments. Wheat monoculture had the highest soil water content of all 
cropping sequences, while canola after wheat had the highest cumulative evapotranspiration at the 
end of the season and wheat after lupins had the highest cumulative evapotranspiration during the 
season. Differences and conclusions are made upon the mean soil water content and mean cumulative 
evapotranspiration at specified times that is usually critical for crop development or helpful to relate 
different treatments. These are 22, 60, 92, 120, 155 and 176 – 188 (end of season) days after planting. 
At the start of the season (22 days after planting/ first measurements taken) the mean soil water 
content was higher in no-tillage (160.4 mm) than conventional tillage (147.1 mm). Wheat monoculture 
(196.1 mm) had the highest soil water content and significantly higher (p = 0.017) than CWLW       
(113.2 mm) with the lowest SWC of all crop sequences.  
Sixty days after planting, no-tillage had a slightly higher SWC (282.6 mm) and ΣET (77.1 mm) compared 
to conventional tillage with a SWC of 270.2 mm and ΣET of 71.7 mm. At this stage wheat monoculture 
had the highest SWC (327.0 mm) and the lowest SWC was in the WLWC (250.7 mm) sequence. The 
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McWMcW treatment had a significantly (p = 0.021) higher ΣET (91.6 mm) than WMcWMc (56.4 mm) 
with the lowest ΣET. 
The average SWC in no-till was 301.6 mm at 92 days after planting while it was 290.5 mm for 
conventional tillage. The ΣET was 165.6 mm and 155.7 mm for NT and CT, respectively. There were no 
significant differences (p = 0.05) in SWC between the different cropping sequences at this stage. 
Wheat monoculture (338.7 mm) had the highest SWC and CWLW (268.2 mm) had the lowest SWC, 
but the highest ΣET (180.5 mm). The lowest ΣET was for WMcWMc (143.5 mm). 
At 120 days after planting the average SWC in no-tillage was 219.7 mm with an average ΣET of         
284.7 mm compared to SWC of 213.6 mm and ΣET equal to 268.9mm in conventional tillage. Wheat 
monoculture (266.1 mm) had the highest SWC while the lowest SWC was in the WLWC (188.0 mm) 
sequence. The ΣET in WCWL (254.3 mm) was lowest of all sequences, this is attributed to the 2013 
season, when this sequence was left fallow and there was no crop that could transpire water from 
deeper in the profile and it was only evaporation from the topsoil occurring. The highest ΣET was for 
McWMcW with 296.1 mm.  
The average SWC in the no-tillage (176.1 mm) and conventional tillage (174.1 mm) treatments was 
the closest to each other at 155 days after planting. The average ΣET in no-till was 397.5 mm and        
378 mm in the conventional tillage. The wheat monoculture had a SWC of 221.4 mm while at 139.4 
mm, CWLW had the lowest SWC. The ΣET in CWLW was 415.2 mm and the highest and differ 
significantly (p = 0.047) from WCWL which had the lowest ΣET at 356.5 mm. 
At the end of the season no-tillage (166.0 mm) had only a slightly higher average soil water content 
compared to conventional tillage with 159.9 mm after the season. Average water usage (ΣET) was also 
not much higher in no-tillage with 449.6 mm and conventional tillage at 436.7 mm. The highest SWC 
was in wheat monoculture (200.8 mm) followed by WCWL (193.7 mm) and differed significantly            
(p < 0.05) from WLWC (121.8 mm) and CWLW (133.3 mm) with the lowest and second lowest SWC of 
all sequences, respectively. WLWC (469.5 mm) and CWLW (468.1 mm) had the highest ΣET at the end 
of the season and differed significantly (p < 0.05) from WMcWMc (405.3 mm) and WCWL (405.1 mm) 
which had the second lowest and the lowest ΣET of all sequences at the end of the season. 
5.2.4 2013 – 2014 Fallow period 
The whole fallow period is first overviewed and thereafter discussed in more detail at the following 
stages: the start of fallow (6 days into fallow); 62 (stage one); 131 (stage two) and 188 (stage three/ 
end of fallow) days after fallow started.  
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Soil water content was highest at the start of fallow and progressively decreased with time. During 
the course of the fallow period the no-till plots had a higher SWC compared to conventional tilled 
plots, except at 131 days after fallow started when the SWC in the conventional tillage plots was 
slightly higher. For cumulative evaporation the no-tillage plots had a higher ΣE throughout the whole 
fallow period. These differences between the tillage treatments were not significant (p = 0.05). With 
regards to the different rotations: McWMcW had the highest SWC until 131 days after fallow started, 
when this sequence had the second highest SWC and the WWWW the highest SWC until the end of 
fallow. From 6 days into fallow and further, the WCWL sequence had the lowest soil water content 
throughout the whole fallow period. The NT – WWWW treatment had the highest soil water content 
throughout fallow, while SWC was slightly lower than the former treatment and roughly the same as 
each other in the CT – McWMcW and NT – LWCW treatments. Soil water content in the CT – WWWW 
and NT – McWMcW treatments were nearly equal and the third highest, compared to the other 
treatments. The lowest soil water content was recorded for the NT – WCWL treatment which had no 
crops on field during the 2013 season. The CT – LWCW treatment had the second lowest soil water 
content and the CT – WCWL treatment the third lowest SWC. 
The ΣE was the highest in the WCWL sequence from the start until the end of fallow. During the first 
two stages of fallow the LWCW treatment had the lowest ΣE, although at the end of fallow wheat 
monoculture had the lowest ΣE. In general the NT – WWWW treatment had the lowest cumulative 
evaporation during fallow, while the NT – WMcWMc and CT – WLWC treatments had almost equally 
low cumulative evaporation. Two treatments evaporating slightly more water than the latter three 
treatments and also roughly the same amount of water, was CT – CWLW and CT –WWWW. The             
CT – WCWL had the highest cumulative evaporation with the NT – McWMcW and NT – WCWL 
treatments, nearly equal to each other, had the second highest cumulative evaporation. NT – LWCW 
had the third highest ΣE of all treatments. 
At the start of fallow (6 days into fallow) the no-tillage plots had a SWC of 388.7 mm and the 
conventional plots a SWC of 372.8 mm. There was no significant difference between the crop 
sequences. The highest SWC at the start of fallow was in McWMcW sequence (411.2 mm), while the 
WCWL (371.9 mm) and WLWC sequences (371.9 mm) had the same and lowest SWC. The WCWL plots 
were also fallow during the 2013 season.  
At the end of stage one of fallow, the SWC was 301.5 mm in no-tillage, while it was 294.0 mm for 
conventional tillage. The ΣE was 378.0 mm and 391.9 mm for CT and NT, respectively. At 344.7 mm, 
the McWMcW sequence had the highest SWC and was significantly (p = 0.041) higher than WCWL 
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with the lowest SWC of 248.7 mm. LWCW (341.6 mm) had a significantly (p = 0.01) lower ΣE than 
WCWL with the highest ΣE of 440. 1 mm. 
At the end of stage two during fallow, the soil water content was 216.4 mm for conventional tillage 
and 209.5 mm for no-tillage. The ΣE was higher for no-tillage (539.1 mm) compared to the ΣE of 
conventional tillage (513.0 mm). Wheat monoculture had the highest SWC of all sequences at         
248.6 mm, while WCWL (171.3 mm) had the lowest SWC. WCWL (572.5 mm) had the highest ΣE, while 
LWCW (498.3 mm) had the lowest ΣE compared to all treatments. 
At the end of fallow the SWC in the no-tillage (184.8 mm) treatments were higher compared to those 
under conventional tillage (171.4 mm), while the cumulative evaporation was 683.8 mm for the no-
tillage treatments and 676.4 mm for the conventional tillage treatments. The highest amount of water 
was stored by the wheat monoculture (247.0 mm), while WCWL (105.2 mm) stored the smallest 
amount of water at the end of fallow. Almost the exact opposite is true for the ΣE at the end of fallow, 
as total water lost by evaporation was highest in WCWL at758.6 mm and the least for wheat 
monoculture at 626.1 mm. Thus, during the fallow period there was no significant difference (p = 0.05) 
in cumulative evaporation between the separate tillage treatments at any of the dates analysed. 
A summary of the water balances at the end of the 2013 – 2014 fallow period are shown in Table 5.45. 
The NT – WWWW (270.6 mm) treatment ended the fallow period with the highest SWC of all 
treatments, while this treatment also had a fairly low cumulative evaporation (616.6 mm), compared 
to the other treatments. The CT – WCWL treatment had the lowest SWC (98.9 mm) at the end of the 
season and also had the largest change in SWC, as this treatment ended the fallow period with a 
negative water balance of 122.3 mm. The latter mentioned result is most likely due to CT WCWL having 
the highest cumulative evaporation (769.7 mm) of all treatments. After CT – WCWL, the CT – LWCW 
(111.2 mm) and NT – WCWL (111.5 mm) treatments had the lowest SWC at the end of the season. 
The NT – WCWL treatment also had the second highest change in SWC, ending with a negative soil 
water balance of 118.9 mm. The large change (loss) in SWC of NT – WCWL can be explained by its high 
cumulative evaporation (747.5 mm) and that this treatment was the only treatment that had no 
contribution (0.0 mm) by upward capillary flow. NT – WMcWMc had the largest positive change in 
SWC (88.0 mm) and also the second lowest cumulative evaporation (614.0 mm), which can contribute 
the large gain in SWC. After NT – WMcWMc, the CT – WWWW (70.6 mm) and CT – WLWC (70.0 mm) 
treatments had the highest gains in SWC. The CT – WLWC treatment also had the lowest cumulative 
evaporation (610.6 mm) at the end of the season. The NT – McWMcW treatment had the highest 
contribution of upward capillary flow (112.5 mm), although this treatment also had the second highest 
cumulative evaporation (747.5 mm), thus ending with a negative soil water balance of 6.8 mm. 
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SWC-end ∆SWC =  + ΣP  + ΣU  - ΣE 
CT 
WWWW  152.8 223.4 70.6 
628.7 
77.4 635.5 
WMcWMc 181.7 195.9 14.2 37.9 652.4 
McWMcW  165.3 157.7 -7.6 73.8 710.1 
WCWL 221.2 98.9 -122.3 18.8 769.7 
CWLW 174.2 186.0 11.8 41.4 658.2 
WLWC 156.7 226.7 70.0 51.8 610.6 
LWCW 142.5 111.2 -31.3 38.2 698.1 
NT 
WWWW  218.6 270.6 52.0 
628.7 
39.9 616.6 
WMcWMc 131.6 219.6 88.0 73.4 614.0 
McWMcW  163.5 156.7 -6.8 112.5 748.0 
WCWL 230.4 111.5 -118.9 0.0 747.5 
CWLW 167.8 206.0 38.2 68.4 658.8 
WLWC 129.2 179.9 50.7 98.7 676.7 
LWCW 171.3 149.5 -21.8 74.0 724.5 
SWC-start: soil water content at the start of the fallow; SWC-end: soil water content at the end of the fallow; 
∆SWC: change in soil water content (negative values indicates more water were lost than gained during fallow); 
ΣP: cumulative precipitation; ΣU cumulative upward capillary flow; ΣET: cumulative evaporation. 
 
5.3 Conclusion 
Although differences in SWC and ΣET between treatments were quite large at some periods during 
the growing seasons, they were not significant and difficult to link the effect of these factors to crop 
performance. Local studies by Swiegelaar (2014) and Wiese (2013) also found no significant effect of 
tillage or crop rotation on the soil water content which corresponds to the results obtained in this two 
year study. Rainfall was much higher than average during both of the two years studied. Furthermore, 
two periods with extreme rainstorms led to the soil profiles being much more saturated than would 
usually be the case after the season, and probably contributed to the absence of significant differences 
among treatments. April, July and September 2013 as well as May, July, August and October 2014 
were the only months during the growing season when the monthly rainfall was below the average. 
Even though this was the case, rainfall during the other months was so high that the effects of less 
rainfall during those months can almost be negated. In a dry year the effects of the different 
treatments on the soil water content and cumulative evapotranspiration could have been much 
different as Choudhary et al. (2002) also found higher SWC in no-till treatments during dry months 
and periods of inadequate rainfall, which explain seasonal variations. Results in the study are in line 
with work done by numerous authors, (Dao, 1993; Dao, 1996; Chen et al., 2005; Josa & Hereter, 2005), 
who found that no-tillage had a higher soil water content than conventional tillage. Although no-till 
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resulted in a higher soil water content on average, it was not significant as Unger (1994) also found in 
work done on tillage. 
Rainfall during 2013 was almost as high as or higher than the average rainfall per year, however, it 
was ineffective in saving significantly more water at the start of the 2014 growing season compared 
to 2013. Moret, et al. (2006) found that effective rainfall (≥10 mm.day-1) falling in the last two months 
of fallow were more effective in increasing the amount of rainwater stored during fallow. In this study 
most of the effective rainfall during fallow fell too early for effective storage. Moret, et al. (2006) also 
found no significant difference in the amount of water stored between three tillage systems, namely: 
conventional tillage, reduced tillage and no-tllage (CT, RT, NT). 
The total rainfall during the 2013 growing season was 341.3 mm and 239.8 mm for the 2014 growing 
season. Adifference of more than a 100 mm between the two years is quite large for dryland cropping. 
It should be mentioned that 32% (110.4 mm) of the total rainfall in 2013 fell between 49 and 92 days 
after plant, while only 11% (27.1 mm) of the total rainfall in 2014 fell during the same period. The 
water usage demand is much higher from 92 days after plant (full bloom in canola and anthesis in 
wheat) compared to the first part of the season (French & Schultz, 1984). However, even though there 
was such a large percentage of difference between the two years, the rainfall that fell during the last 
part of the season in 2013 was still higher than the amount rained during the same period in 2014. 
Therefore differences in the grain yield and water use efficiencies are largely attributed to the amount 
and timing of rainfall during the growing season, which explain seasonal variances. 
Percentage water usage of the total cumulative ET up to 92 days after planting was 23.2% (104.6 mm) 
in 2013 compared to 47.5% (187.5 mm) in 2014. Up to 120 days after planting, the water usage was 
much more equal but slightly higher, in 2013 was 59.5% (267.0 mm) and 64.3% (254.4 mm) in 2014. 
During the period from 92 until 155 days after planting, the water usage was markedly higher in 2013 
at 62.3% (280.1 mm) compared to only 41.3% (164.3 mm) during the same period in 2014. This higher 
water usage during the earlier part of the 2014 production season with a much lower water usage 
during the second part can probably be explained by the increase in the sum of daily maximum air 
temperatures during May and June as well as the higher temperature during the maturity period. This 
could promote faster maturity and explain why the 2014 production season was slightly shorter than 
2013, as growth occurred early during the season and crops were able to ripen earlier. The opposite 
was true for the 2013 season as higher water usage during a later stage of the growing season 
indicated that vegetative growth occurred later in the season. Consequently it took longer for the 
crops to reach maturity which led to a fairly longer growing season in 2013. It should also be 
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mentioned that higher water usage during the early part of the 2014 season could be linked to a 
marginally higher soil water content at the start of the 2014 season compared to 2013. Therefore 
more water was available for usage at the early stage of the 2014 compared to the same stage during 
2013. Dry matter production was responsible for higher water usage during the early phases of 
development (before anthesis/92 days after planting), while water usage after anthesis was 
accountable for grain production (French & Schultz 1984). Thus, it is concluded that these differences 
in water usage during different parts of the season were also the reasons for differences in yields 
between 2013 and 2014.  
The main finding from the soil water balance was that higher soil water content during the season 
leads to higher water usage (cumulative evapotranspiration), especially transpiration by crops, as 
there is more water available to be used by crops. In this case, no-tillage tended to have a higher SWC 
and ΣET than conventional tillage. Wheat monoculture and wheat after lupins were the best rotations 
in this regard. This is well correlated with grain yield and WUE results which are discussed in chapter 
six: Grain yield and water- and rainfall use efficiency. 
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Chapter Six: Grain Yield, Water- and 
Rainfall Use Efficiency 
 
Only the treatments which had wheat and canola on field in the 2013 and 2014 growing seasons are 
presented and discussed in this chapter which includes the grain yield, water use efficiency and the 
rainfall use efficiency. A conclusion linking these results to the soil water content and cumulative 
evapotranspiration (water usage) results from chapter five ends off this chapter. 
6.1 Grain yield 
6.1.1 2013 Growing season 
The average grain yield for wheat was higher in no-tillage (3681.9 kg.ha-1) compared to conventional 
tillage (3203.7 kg.ha-1). Average canola grain yield for conventional tillage was 1906.9 kg.ha-1 and lower 
in the no-tillage treatment (1432.3 kg.ha-1). The mean yield for the different crop rotations (last letter 
indicates what crop was on field in 2013) with the corresponding tillage treatment are presented in 
Table 6.1. There was no significant differences in grain yield between the CT and NT tillage treatments 
during the 2013 growing season. 
Table 6.1. Grain yield of the different wheat and canola rotations under conventional and no-tillage 
at the end of the 2013 growing season 
Crop sequence Conventional tillage (kg.ha-1) No-tillage (kg.ha-1) 
WWWW 2521.2 ac 3663.4 ab 
McWMcW 3605.6 a 3662.4 a 
CWLW 4122.5 a 3878.7 a 
LWCW 2565.5 ac 3523.1 ab 
WLWC 1906.9 cb 1432.3 c 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
The conventional tilled wheat after lupins (CT – CWLW: 4122.5 kg.ha-1) followed by its no-till 
counterpart (NT – CWLW: 3878.7 kg.ha-1) had the highest grain yield of all treatments. No-till wheat 
monoculture (NT – WWWW: 3663.4 kg.ha-1) was third highest followed by NT – McWMcW             
(3662.4 kg.ha-1) and CT – McWMcW (3605.6 kg.ha-1). Following the latter mentioned treatments was 
no-till wheat after canola (NT – LWCW: 3523.1 kg.ha-1), conventional tilled wheat after canola (CT – 
LWCW: 2565.5 kg.ha-1) and the lowest wheat yield was recorded in the conventional tilled wheat 
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monoculture (CT – WWWW: 2521.2 kg.ha-1). The no-till canola after wheat had the lowest yield of all 
treatments. 
6.1.2 2014 Growing season 
The grain yield for the 2014 season, shown in Table 6.2, was roughly the same although generally 
lower than the 2013 season. Differences between CT and NT treatments was insignificant. From the 
soil water content results presented in the previous chapter 5, section 5.1.3., it is suggested that higher 
soil water content at the start of the season helped the crops throughout the season as rainfall was 
not as sufficient as during 2013, especially during critical times in the season (before and after 
anthesis). The average wheat grain yield of no-tillage (3468.1 kg.ha-1) was higher than conventional 
tillage (3289.7 kg.ha-1). While the average yield for no-till canola (1724.1 kg.ha-1) was also higher than 
the conventional tillage treatment (1412.5 kg.ha-1). The highest yielding rotation was NT – CWLW 
(3808.2 kg.ha-1) followed by CT – LWCW (3675.7 kg.ha-1) and NT – LWCW (3569.4 kg.ha-1). No-till wheat 
monoculture (NT – WWWW: 3419.2 kg.ha-1) was lower than the latter mentioned treatments and 
followed by CT – CWLW (3350.5 kg.ha-1). The wheat after medics-clover treatments (both CT:        
2837.4 kg.ha-1 and NT: 3075.6 kg.ha-1) had the lowest grain yields of all wheat treatments, while 
conventional tilled wheat monoculture yielded (3295.3 kg.ha-1) slightly higher than these latter 
mentioned two treatments. The high yields in the wheat after lupins treatments were attributed to 
the long fallow period on these plots, thus suggesting that fallow does have a positive effect on grain 
yield. Although the effect can also be attributed to more nitrogen in the soil, because lupins are 
nitrogen fixers. 
Table 6.2. Grain yield of the different wheat and canola rotations under conventional and no-tillage 
at the end of the 2014 growing season 
Crop sequence Conventional tillage (kg.ha-1) No-tillage (kg.ha-1) 
WWWW 3295.3 ab 3419.2 ab 
McWMcW 2837.1 b 3075.6 ab 
CWLW 3350.5 ab 3808.2 a 
LWCW 3675.7 a 3569.4 ab 
WLWC 1412.5 c 1724.1 c 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
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6.1.3 Average results of the 2013 and 2014 growing seasons 
The pooled data for 2013 and 2014 are used to discuss and draw conclusions in order to have a more 
realistic idea of how tillage and rotation possibly influenced the data and minimize the effect of 
seasonal variances. 
Table 6.3 contains the average yields for the different crop sequences and two tillage treatments over 
the 2013 and 2014 growing seasons. No-tillage yielded higher for all cropping sequences, although not 
significantly (p = 0.05). Significant differences (p < 0.05) were only found between canola, both CT and 
NT, and all the other wheat treatments. The average wheat grain yield was higher (not significantly) 
under no-tillage (3586.9 kg.ha-1) compared to conventional tillage (3208.3 kg.ha-1). No-till              
(1566.2 kg.ha-1) canola also yield higher than conventional tilled canola (1488.7 kg.ha-1). 
Table 6.3. Average grain yield of the different wheat and canola rotations under conventional and 
no-tillage at the end of the 2013 and 2014 growing seasons 
Crop sequence Conventional tillage (kg.ha-1) No-tillage (kg.ha-1) 
WWWW 2862.5a 3588.9a 
McWMcW 3221.4a 3369.0a 
CWLW 3671.2a 3811.3a 
LWCW 3078.0a 3578.4a 
WLWC 1488.7b 1566.2b 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
Although no significant differences were found between crop rotation or tillage treatments, the 
following tendencies were evident: wheat after lupins, first NT (3811.3 kg.ha-1) then CT                     
(3671.2 kg.ha-1), had the highest yield followed by NT – WWWW (3588.9 kg.ha-1) and by wheat after 
canola also under no-tillage (NT – LWCW: 3578.4 kg.ha-1). NT wheat after medics-clover                            
(NT – McWMcW: 3369.0 kg.ha-1) was lower than the latter mentioned treatment and followed by its 
CT counterpart (CT – McWMcW: 3221.4 kg.ha-1). The second lowest yielding wheat treatment was 
both for conventional tilled wheat after canola (CT – LWCW: 3078.0 kg.ha-1) and the lowest for wheat 
monoculture (2862.5 kg.ha-1). The results are in contrast with a study done by Kelley & Sweeney 
(2007), who found that crop sequence significantly influenced wheat yield, however Unger (1994) also 
found no difference in wheat yield between tillage treatments. 
Stellenbosch University  https://scholar.sun.ac.za
142 
 
6.2 Water use efficiency (WUE) 
6.2.1 2013 Growing season 
Water use efficiency of 2013 are shown in Table 6.4. The average WUE for NT (7.5 kg.ha-1.mm-1) was 
only 0.1 kg.ha-1.mm-1 higher than CT (7.4 kg.ha-1.mm-1) after the 2013 season. No-till canola was the 
lowest (2.9 kg.ha-1.mm-1) in the WLWC rotation. Differences in WUE between tillage treatments were 
not significant. 
Table 6.4. Water use efficiency of the different wheat and canola rotations under conventional and 
no-tillage at the end of the 2013 growing season 
Crop sequence Conventional tillage (kg.ha-1.mm-1) No-tillage (kg.ha-1.mm-1) 
WWWW 5.5 cb 8.2 ab 
McWMcW 7.4 ab 7.0 ac 
CWLW 10.7 a 7. 6 ab 
LWCW 5.9 ac 7.2 ab 
WLWC 4.5 cb 2.9 c 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
The conventional tilled wheat after lupins (CT – CWLW: 10.7 kg.ha-1.mm-1) had the best WUE followed 
by wheat monoculture under no-tillage (NT – WWWW: 8.2 kg.ha-1.mm-1). The following treatments 
performed almost equally well and are mentioned in descending order: NT – CWLW                                        
(7.6 kg.ha-1.mm-1); CT – McWMcW (7.4 kg.ha-1.mm-1); and NT – LWCW (7.2 kg.ha-1.mm-1), while                 
CT – LWCW (5.9 kg.ha-1.mm-1) and CT – WWWW (5.5 kg.ha-1.mm-1) had the second lowest and lowest 
WUE of the wheat treatments, respectively. The no-till canola after wheat treatments had a lower 
WUE than its CT counterpart. 
6.2.2 2014 Growing season 
Table 6.5 shows the water use efficiency for the 2014 growing season. In the wheat treatments, no-
tillageage (8.6 kg.ha-1.mm-1) generally had a higher WUE (not significantly) than conventional tillage 
(7.8 kg.ha-1.mm-1). Wheat after canola under conventional tillage (CT – LWCW: 9.6 kg.ha-1.mm-1) 
performed the best in terms of WUE. The following rotations performed equally well and shown in 
descending order: NT – McWMcW (8.8 kg.ha-1.mm-1); NT – LWCW (8.6 kg.ha-1.mm-1); NT – CWLW         
(8.4 kg.ha-1.mm-1); NT – WWWW (8.4 kg.ha-1.mm-1); CT – WWW (8.2 kg.ha-1.mm-1); CT – CWLW              
(7.5 kg.ha-1.mm-1); and CT – McWMcW (6.0 kg.ha-1.mm-1). No-till canola (3.7 kg.ha-1.mm-1) performed 
better than conventional tilled canola (CT – WLWC: 3.2 kg.ha-1.mm-1). None of the differences between 
CT and NT treatments were significant. 
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Table 6.5. Water use efficiency of the different wheat and canola rotations under conventional and 
no-tillage at the end of the 2014 growing season 
Crop sequence Conventional tillage (kg.ha-1.mm-1) No-tillage (kg.ha-1.mm-1) 
WWWW 8.2 ab 8.4 ab 
McWMcW 6.0 cb 8.8 ab 
CWLW 7.5 ab 8.4 ab 
LWCW 9.6 a 8.6 ab 
WLWC 3.2 c 3.7 c 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
6.2.3 Average results of the 2013 and 2014 growing seasons 
The average WUE for the different crop sequences over the 2013 and 2014 growing seasons and both 
tillage treatments can be seen in Table 6.6. No-tillage generally performed better for all cropping 
sequences, except for wheat after lupins and canola after wheat where WUE was higher under 
conventional tillage. Wheat under no-tillage (8.1 kg.ha-1.mm-1) had a higher average WUE than 
conventional tillage (7.5 kg.ha-1.mm-1). These differences were not significant (p = 0.05). The CT and 
NT canola treatments did also not differ significantly from each other. 
Table 6.6. Average water use efficiency of the different wheat and canola rotations under 
conventional and no-tillage at the end of the 2013 and 2014 growing seasons 
Crop sequence Conventional tillage (kg.ha-1.mm-1) No-tillage (kg.ha-1.mm-1) 
WWWW 6.6ac 8.3a 
McWMcW 6.7ab 7.9a 
CWLW 8.8a 8.0a 
LWCW 7.7a 8.0a 
WLWC 3.7cb 3.2c 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
Conventional tilled wheat after lupins (CT – CWLW: 8.8 kg.ha-1.mm-1) had the highest WUE followed 
by (in descending order and all under no-tillage): wheat monoculture (NT – WWWW:                                        
8.3 kg.ha-1.mm-1); wheat after lupins (NT – CWLW: 8.0 kg.ha-1.mm-1); wheat after canola (NT – LWCW: 
8.0 kg.ha-1.mm-1kg.ha-1.mm-1); and wheat after medics-clover (NT – McWMcW: 7.9 kg.ha-1.mm-1). 
Following the latter mentioned sequences, also in descending order, was conventional tilled: wheat 
after canola (CT – LWCW: 7.7 kg.ha-1.mm-1); wheat after medics-clover (CT – McWMcW:                              
6.7 kg.ha-1.mm-1); and wheat monoculture (CT – WWWW: 6.6 kg.ha-1.mm-1). Canola after wheat had 
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low WUE, with the CT treatment (3.7 kg.ha-1.mm-1) performing better than the NT treatment                    
(3.2 kg.ha-1.mm-1). 
6.3 Rainfall use efficiency (RUE) 
6.3.1 2013 Growing season 
RUE results are presented in Table 6.7. The no-tillage (10.8 kg.ha-1.mm-1) treatments had a higher (not 
significant) average RUE than the conventional tillage (9.4 kg.ha-1.mm-1) treatments. In the canola 
treatments, conventional tillage (5.6 kg.ha-1.mm-1) had a higher average RUE than no-tillage                         
(4.2 kg.ha-1.mm-1). 
Table 6.7. Rainwater use efficiency of the different wheat and canola rotations under conventional 
and no-tillage at the end of the 2013 growing season 
Crop sequence Conventional tillage (kg.ha-1.mm-1) No-tillage (kg.ha-1.mm-1) 
WWWW 7.4 ac 10.7 ab 
McWMcW 10.6 a 10.7 a 
CWLW 12.1 a 11.4 a 
LWCW 7.5 ac 10.3 ab 
WLWC 5.6 cb 4.2 c 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
The wheat after lupins under conventional tillage (CT – CWLW: 12.1 kg.ha-1.mm-1) had the best RUE, 
followed by its no-till counterpart (NT – CWLW: 11.4 kg.ha-1.mm-1). The following treatments 
performed almost equally well and are mentioned in descending order: NT – WWWW                             
(10.7 kg.ha-1.mm-1); NT – McWMcW (10.7 kg.ha-1.mm-1); CT – McWMcW (10.6 kg.ha-1.mm-1) and             
NT – LWCW (10.3 kg.ha-1.mm-1), while CT – LWCW (7.5 kg.ha-1.mm-1) and CT – WWWW                                    
(7.4 kg.ha-1.mm-1) had the second lowest and lowest RUE of the wheat treatments, respectively. No 
significant differences were found between tillage treatments. 
6.3.2 2014 Growing season 
RUE for wheat under no-tillage (14.6 kg.ha-1.mm-1) was generally higher (not significantly) than 
conventional tillage (13.7 kg.ha-1.mm-1) (Table 6.8). Wheat after lupins under no-tillage (NT – CWLW: 
15.9 kg.ha-1.mm-1) had the best RUE, followed by conventional tilled wheat after canola (CT – LWCW: 
15.3 kg.ha-1.mm-1). The rest of the treatments are shown in descending order. No-till wheat after 
canola (NT – LWCW: 14.9 kg.mm-1) was slightly higher than NT – WWWW (14.7 kg.mm-1) followed by 
conventional tilled wheat after lupins (NT – CWLW: 14.0 kg.ha-1.mm-1). Next was CT wheat 
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monoculture (CT – WWWW: 13.7 kg.ha-1.mm-1) with no-till wheat after medics-clover                                 
(NT – McWMcW: 12.8 kg.ha-1.mm-1) resulting slightly higher than the lowest performing wheat 
treatment, CT – McWMcW (11.8 kg.ha-1.mm-1). Canola under conventional tillage had a lower RUE 
than its NT counterpart. No significant differences were found between tillage treatments. 
Table 6.8. Rainwater use efficiency of the different wheat and canola rotations under conventional 
and no-tillage at the end of the 2014 growing season 
Crop sequence Conventional tillage (kg.ha-1.mm-1) No-tillage (kg.ha-1.mm-1) 
WWWW 13.7 ab 14.7 ab 
McWMcW 11.8 b 12.8 ab 
CWLW 14.0 ab 15.9 a 
LWCW 15.3 a 14.9 ab 
WLWC 5.9 c 7.2 c 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
6.3.3 Average results of the 2013 and 2014 growing seasons 
In Table 6.9, the average RUE for the different crop sequences over the 2013 and 2014 growing 
seasons for both tillage treatments are presented. No-tillage generally performed better for all 
cropping sequences although not significantly (p = 0.05). The average RUE for all NT wheat treatments 
(12.6 kg.mm-1) was higher than the average for conventional tilled wheat treatments (11.4 kg.mm-1) 
Canola had the same RUE for both tillage treatments. The CT and NT canola treatments had equal RUE 
results. 
Table 6.9. Average rainwater use efficiency of the different wheat and canola rotations under 
conventional and no-tillage at the end of the 2013 and 2014 growing seasons 
Crop sequence Conventional tillage (kg.ha-1.mm-1) No-tillage (kg.ha-1.mm-1) 
WWWW 9.9ab 12.5a 
McWMcW 11.2a 11.8a 
CWLW 13.2a 13.6a 
LWCW 11.4a 12.6a 
WLWC 5.7b 5.7b 
Note: Alphabetic letters denote statistical differences between treatments. Similar letters indicate lack of 
significant differences. 
No-till wheat after lupins (NT – CWLW: 13.6 kg.mm-1) followed by CT – CWLW (13.2 kg.mm-1) had the 
highest RUE. Slightly lower RUE’s were recorded for the following crop sequences under no-tillage in 
descending order: wheat after canola (NT – LWCW: 12.6 kg.mm-1), wheat monoculture (NT – WWWW: 
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12.5 kg.mm-1) and wheat after medics-clover (NT – McWMcW: 11.8 kg.mm-1). In descending order of 
RUE following NT wheat after medics-clover was conventional tilled: wheat after canola (CT – LWCW: 
11.4 kg.mm-1); wheat after medics-clover (CT – McWMcW: 11.2 kg.mm-1); and wheat monoculture  
(CT – WWWW: 9.9 kg.mm-1).  
6.4 Conclusion 
The results from the study are similar to the findings from another local study by Swiegelaar (2014) 
who found that crop rotation and tillage had no significant effect on grain yield, but that no-tillage 
tended to have a higher grain yield. The same tendency i.e. higher grain yield resulted when wheat 
followed a legume crop. The latter mentioned author also found that RUE was not significantly 
affected by tillage or crop rotation, as was also found in this study. Another local study by Wiese (2013) 
also found that grain yield was not significantly affected by different crop rotations, however the 
author did find that tillage affected grain yield significantly with no-tillage having higher yields. The 
water use efficiency, of wheat, from the current study was slighty lower than the average WUE of        
9.9 kg.mm-1 in southeastern Australia and 8.9 kg.mm-1 in the Great Plains of North America although 
better than the average WUE of 5.3 kg.mm-1 for the southern-central Great plains (Sadras et al., 2012). 
Water use effiency, of canola, from the current study was lower than those of another local study by 
Ngezimana (2012) who recorded water use efficiencies of: 6.4 kg.mm-1 (Elsenburg experimental farm), 
5.3 kg.mm-1 (Roodebloem experimental farm), and 4.6 kg.mm-1 (Langgewens experimental farm). 
Perusal of the data (2013 and 2014 separately and together) with regards to water content and water 
usage at, and during, specific stages throughout the season, no definite trends as possible reasons for 
differences in grain yield, water and rainfall use efficiencies between tillage or crop rotation 
treatments could be identified. It did seem as if a higher water content at the start of the season as 
well as high water usage during anthesis up to maturity promoted higher yields and water use 
efficiencies. Water usage in the period before and until the start of anthesis resulted in higher yields 
for no-till wheat monoculture (NT – WWWW) that was one of the best performing treatments in terms 
of grain yield and second best in water use efficiency. The highest crop yields were obtained when 
wheat followed a legume, lupins in this case. Thus, lupins planted before wheat also positively affect 
wheat yields and water use efficiency as the nitrogen left in the soil by the legume stimulated good 
and healthy growth of the subsequent wheat crop. The lower yield and poorer performance in water 
use efficiency of the canola is attributed to canola which naturally yields lower, but also to high weed 
infestations in some of the plots during both seasons. 
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Therefore it is concluded that a higher soil water content, in the canola and wheat yielding treatments, 
have more water available and leads to higher water usage (ΣET) throughout the season and 
consequently to higher yields and also higher water use efficiencies. In both 2013 and 2014 the 
cumulative precipitation was higher than the evapotranspiration demand until 100 and 71 days after 
planting, respectively. Thus, the rest of the water used during the seasons came from stored water in 
the subsoil. As no-tillage had a higher soil water content during both seasons, it was thus also better 
able to supply the evapotranspiration demand and consequently contributed to the tendency of 
higher yields and water use efficiencies recorded for no-tillage. 
During the fallow period the highest soil water content and cumulative evapotranspiration were 
fluctuating between conventional and no-tillage. The wheat monoculture treatment generally had the 
highest SWC and lowest ΣE, while the WCWL treatment, that was already left fallow during the 2013 
season, had the overall lowest SWC and the highest ΣE during the fallow period. It is consequently 
suggested that the higher yielding crops, with better water use efficiencies, most probably produced 
enough crop residues to conserve soil moisture for the following season and also minimize 
evaporation during fallow. Even by comparing some of the lower yielding treatments, which most 
probably had more residues during fallow compared to the WCWL treatment that had no crop on field 
during the 2013 growing season, this phenomena can be assumed. Therefore it is postulated that a 
higher yielding crop produces more residue which will benefit the subsequent crop in in the following 
year by conserving soil moisture, which could in turn lead to higher water usage and higher yields and 
also to better water use efficiencies. 
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Effective, sustainable and economic viable management methods are the future of agricultural crop 
production. Therefore scientific studies on management strategies’ effects on the soil and soil water 
content are extremely important, especially in this dry Mediterranean climate where the experiment 
was conducted. The main aims of this study were to quantitatively measure the effects of different 
tillage and crop rotations treatments on the soil physical properties, soil water content and 
evapotranspiration, as well as the yield and water use efficiencies seven to eight years after 
treatments were first implemented. The soil physical properties, water dynamics and crop 
performance analysed in this two-year study, showed valuable results that can be utilized in the Rȗens 
area. 
7.2 Soil physical properties 
The texture of soil is mainly an inherited property of the soil and cannot be changed by tillage or crop 
rotation practices. Therefore, as expected, particle size analyses showed no significant effect as a 
result of tillage and crop rotation, although there were some interesting findings. The sand and silt 
percentages decreased, while the clay content and coarse fragment percentage increased with depth. 
Although the effect of tillage on the particle size distribution was not significant, there were some 
effects noted in the larger size fractions. In both the coarse fragment percentage as well as the very 
coarse sand fraction, there was a sharp increase from the surface to about 200mm in both 
conventional and no-tillage. However, from 200mm up to 450mm the amount of coarse fragments 
and very coarse sand increased significantly in the conventional tillage treatments, while their 
percentages stayed fairly stable at this same depth in the no-tillage treatments. This phenomena could 
be linked to the extra tillage operations systematically breaking down coarse fragments into smaller 
sand or schist-sized fragments and consequently leading to higher percentages coarse fragments and 
very coarse sand found in conventional tillage treatments. The tine implement moved rocks to the 
surface, while fine material was sieved and consequently moved to beneath. The disc plough then 
translocated all material on top (coarse fragments) deeper down and buried it at the ploughing depth. 
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The aggregate stability was not significantly affected by tillage and crop rotations, although it did 
significantly decrease with depth. An interesting result was that conventional tillage had a tendency 
of a higher aggregate stability than no-tillage at all depths analysed. The WMcWMc rotation had the 
lowest aggregate stability and were significantly lower (p = 0.018) than the aggregate stability of 
LWCW with the highest aggregate stability. This result was most likely due to a wider crop diversity in 
the latter mentioned rotation. 
No significant effect of tillage or crop rotation was found in bulk density measurements, however 
there was a general trend for no-tillage having a higher bulk density than conventional tilled soils at 
each depth increment measured. This was perhaps the effect of tillage alleviating increased 
compaction and decreasing the bulk density. In both, conventional and no-tillage the bulk density 
significantly increased with every 5 cm depth increment measured. The CWLW rotation had the lowest 
bulk density, while the WCWL rotation that was left fallow during the 2013 growing season had the 
highest bulk density. The lower bulk density in the former mentioned rotation was probably due to 
the lupins (legume) and wheat crops with very vigorous rooting systems that increased pore space 
during the growing seasons, thus leading to higher porosity and lower bulk density as these two soil 
properties are directly related. The high bulk density found in the WCWL rotation (no crop, left fallow 
during growing season) was possibly due to the lack of crop roots, as previously mentioned, and crop 
residue to protect surface aggregates and structure from disintegrating during rainfall events. 
The infiltration rate was mainly higher in the no-till soil, although not significantly. The effect of tillage 
and crop rotation was also not significant. Better soil pore continuity and also more stable pores in 
no-tillage were probably the reason for this result. The WLWC rotation had the highest infiltration rate 
while the WMcWMc rotation had the lowest. The canola that was on the plots before measurements 
were taken, was seen as the reason for the higher infiltration of this rotation as canola has a deep 
penetrating rooting system and consequently forms preferential flow paths, which increase 
infiltration. 
There was no general trend or significant effect of tillage and rotation found regarding the unsaturated 
hydraulic conductivity results. Although no-tillage was generally higher than conventional tillage. 
These results were opposite to those found for infiltration namely, the WLWC rotation had the lowest 
unsaturated hydraulic conductivity and the WMcWMc rotation had the highest unsaturated hydraulic 
conductivity. This finding is explained by a larger volume of micro-pores present in the WMcWMc 
rotation. Possibly due to the medics-clover that was on the plots before measurements, there were 
not as many macro-pores and preferential flow paths formed as with canola, which is responsible for 
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higher infiltration rates, because the medics-clover rooting system was not as deep penetrating or 
vigorous as canola. The micro-pores are also more effective in conducting water in unsaturated 
conditions, as micro-pores were still filled with water and conducting by the time the macro-pores 
have already drained and were less conducting.  
Water retention results did not differ significantly between conventional and no-tillage at any of the 
pressures tested. The water retention in the topsoil was significantly lower in relation to the water 
retention measured at 200 mm and 300 mm, however there was a significant increase in the water 
retention from the latter two depth increments towards the 450 mm depth increment. No-tillage had 
a higher water retention at low matrix potentials (field capacity: -10 kPa and -50 kPa), while 
conventional tillage retained more water at all the other matrix potentials. The increase in water 
retention at the last-mentioned depth increment was attributed to the clay increase in the subsoil, as 
clay retains more water than sand and silt. The marginally higher water retention of no-tillage at field 
capacity (-10 kPa) and -50 kPa was linked to a possibly higher amount of organic matter and 
consequently also more macro-pores in the no-till soils, as organic matter can increase the water 
retention capacity of soils (Soane, 1990) due to its higher surface area and can also change the soils’ 
pore-size distribution (Bescansa et al., 2006). This effect will also be more prominent at lower matric 
potentials as was found in these results, as an increase in the amount of macro-pores will increase the 
amount of water held at low matric potentials. However, this difference cannot be attributed 
definitely to organic matter, as organic matter content of the soil was not measured in this study. The 
Saxton & Rawls (2006) method was found suitable for prediction of the water retention results. A 
R2=0.9378 of the linear regression line for a 1:1 graph plotted as the predicted versus the measured 
values recorded. The model does however, under-predicts volumetric water content at high matric 
potentials and over-predicts the volumetric water content at lower potentials (matrix potential taken 
as a negative value). Therefore this method should be approached with caution even with such a good 
fit to the measured data. 
The soil‘s S-index proposed by Dexter (2004) gave satisfactory results, as all soils analysed had a S – 
index higher than the threshold value of 0.035, regardless of tillage method or depth. It should be 
remembered that this was rather an evaluation of micro-structure which is especially important in 
these highly fragmented shale derived soils. There was no significant effect of tillage visible and S 
decreased significantly with depth. The no-till soils had a higher S – index at all depths compared to 
the conventional tilled soils. Thus, it was concluded that no-till soils have a better micro-structure than 
conventional tilled soils, based the S-index results. This was most likely the effect of less disturbance 
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by tillage and higher accumulation of organic matter, thus promoting microbe activity and better 
intrinsic pore permeability leading to a better pore size distribution. 
A big question that this study tried to answer was: how to quantitatively measure soil structure. The 
results obtained from all the soil physical properties measured, correlated well with the results of 
Dexter's (2004) S-index. This was very satisfactory as structure is probably the single most important 
soil physical property because most other soil properties are directly related to structure. Most of the 
physical results indicated better values for no-tillage and from the S-index results this was also evident, 
thus proving the initial statement in this paragraph. Therefore it was concluded that a single soil 
parameter, which is the S-index, could be used to give a considerably accurate indication of the soils’ 
physical state and should be considered in future soil physical studies. 
7.3 Soil water balance, grain yield and water use efficiency 
Perusal of the soil water balance data did not show general significant trends. Soil water content and 
water usage (evapotranspiration) varied greatly between tillage and crop rotation treatments and also 
between seasons. After considering all the data for the 2013 and 2014 growing seasons it was 
concluded that no-till soils generally, although not significant, had a higher soil water content 
compared to conventional tillage at the end of a growing season, while the same was true for 
cumulative evapotranspiration. Wheat monoculture (especially under no-tillage) had the highest soil 
water content of all rotations, during and at the end of the growing season, however this could have 
been due to the soil types the wheat monoculture were cultivated on. The wheat after lupins had by 
far the highest ΣET at the end of the experiment. Thus, taking all into account it seems that higher soil 
water content and soil water usage throughout the season led to higher yields as well as better water 
and rainwater use efficiencies. This phenomena was explained by the good correlation found between 
higher SWC and higher ΣET with the grain yield, WUE and RUE. There was also a trend noted of higher 
wheat yields and water use efficiencies if wheat was planted after lupins (legume) and to a lesser 
extent also if wheat was planted after canola. The lower yields and WUE recorded for canola after 
wheat are ascribed to the fact that canola, which is an oil crop, naturally yields lower and also to some 
of the plots being heavily weed infested during both seasons. 
Rainfall during the first part of the growing season as well as the period after and around anthesis was 
much higher in 2013 than in 2014, plus it rained almost 100 mm more during the 2013 growing season. 
While the percentage of total water used during the first part of the season was much higher in 2014, 
the opposite was true during the last part of the season when 2013 had a considerably higher water 
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usage compared to 2014. Therefore differences in SWC, ΣET, grain yield, WUE and RUE were to a large 
extent the consequence of seasonal variances. 
During the fallow period, the effect of tillage and crop rotation on the SWC and evaporation, were not 
evident from the results due to heavy rainstorms early in fallow. Althoug this resulted in no clear trend 
or effect of tillage and crop rotation on SWC and evaporation, however no-tillage did have a tendency 
of higher SWC during fallow while the highest ΣE fluctuated between no-tillage and conventional 
tillage. 
It is assumed that a higher soil water content leads to higher evapotranspiration during the growing 
season as there is more water available for water usage which in turn leads to improved grain yield, 
WUE and RUE. As both soil water content and water usage (ΣET) were higher in no-till and related well 
with the generally higher grain yield, WUE and RUE no-till results. 
7.4 Final thoughts 
After seven years of no-tillage, no significant differences in soil physical properties were detected 
although there were a general trend for no-tillage to have a better physical state than conventional 
tillage. The beneficial effects of the two different tillage systems and various cropping sequences 
showed no significant trend, while crop rotation had a rather weak and insignificant effect on the soil 
physical properties and water balance results.  
The soil type (soil forms), position of the plots on the experimental site (i.e. slope position) and climatic 
conditions are regarded as the most important variables that caused differences in the soil properties 
studied as well as the grain yield, water balance and water use efficiencies recorded. During the two 
years of the study it seemed, visually, that conventional tillage had less problems with weeds 
displaying the positive results of effective tillage, when considering the amount, costs and 
environmental damage of herbicides used in a no-till system.  
From the results and findings of this study, it is thus concluded that no-tillage had to a small extent 
improved soil physical properties and micro-structure in comparison with the same plots under 
conventional tillage. Although organic carbon content was not measured, most changes are attributed 
to an increase in organic matter by no-tillage. The lack of more significant differences between all 
treatments was however attributed to inadequate residue production and/or its rapid decomposition 
in the relatively hot, moist climate, especially during summer months (Rhoton et al., 1993). 
Improvement in the soils’ structure and physical state was considered as the cause for higher soil 
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water content and water usage found in the no-till plots and the subsequent better yield and water 
use efficiencies. Work by Bescansa et al. (2006) in dryland Mediterranean conditions is in line with 
these findings, since these authors also linked higher soil water content and water usage to 
improvements of soil physical properties under reduced tillage systems. This two-year study also 
found that the planting of a legume crop (referring to lupins) prior to wheat was additionally 
beneficial, as this gave highest yields in grain. The results of the soil physical properties and the crop 
performance, with regard to the water balance, are actually well correlated because no significant 
effect of tillage or crop rotation were found in neither the physical properties nor the crop 
perfromance results, although the general trend showed that no-tillage did have a beneficial effect on 
the soil properties and also on crop performance. 
This proves the original hypothesis of the study partially correct, as the physical properties between 
conventional and no-tillage did not differ significantly, but the better physical state of the no-till soils 
did lead to better grain yield and water use efficiencies. Crop rotation did not have such a prominent 
effect as the tillage, however the crops previously planted in the rotation did have a positive effect on 
grain yield. Both canola and lupins increased yields of wheat in the year after they were planted, with 
lupins showing the best result between these two crops. Better physical soil properties were also 
linked to better performance of canola under no-tillage. Most soil physical properties were marginally 
better for no-till soils compared to the conventional tilled soil, while grain yield and water use 
efficiencies were also better for no-till soils. The last resultproved the hypothesis correct which stated: 
differences in soil physical properties between tillage treatments can lead to explanations for 
differences in grain yield and water use efficiency. Since there were no significant differences between 
tillage treatmentswith regards to soil physical properties, the water balances, grain yield and WUE 
also did not respond significantly to tillage. 
7.5 Future research and recommendations 
Continuation of the treatments and measuring similar parameters on these experimental plots in ten 
to 15 years’ time will be important and may give a clearer understanding of how tillage and crop 
rotation influence the physical and hydraulic properties of the soils in the Rȗens area. Another very 
important recommendation is that future studies should include more chemical and biological 
measurements. Chemical properties such as the carbon content in the soil has direct effects on some 
physical properties such as aggregate stability and water retention (indirectly also on infiltration, 
hydraulic conductivity and bulk density), while nitrogen content can better explain differences in crop 
performance. Biological indicators such as the presence and identification of the type and number of 
earthworms will definitely benefit a study such as this one which compares between different tillage 
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and crop rotation treatments. Biological indicators will also help to make more accurate conclusions 
about the stability, pore types, and pore size distribution present in the soil while this can also help to 
describe differences in porosity, directly relating to bulk density. It should also be considered to take 
numerous measurements throughout the season in order to see if differences are not rather an effect 
brought about by seasonal and climatic changes as several authors have found (Logsdon et al., 1993a; 
Mapa et al., 1986; Meek et al., 1990; Mukhtar et al., 1985; Starr, 1990a). The single most important 
property to assess in future to determine if tillage or crop rotation have an effect, is the soil structure 
by means of Dexter's (2004) S – index. The S – index is a quantitative and established method to track 
changes in soil physical state and quality over time.  
Adapting no-tillage farming techniques in the Rȗens area around Riviersonderend should be 
considered if effective chemical control of weed can be done. However, for the optimal execution of 
no-tillage a diverse crop rotation is needed. The most effective and beneficial outcomes of 
conservation tillage are visible when combined with crop rotation, proper residue management, and 
cover crops. One of the major criticisms of conservation farming are weed problems, especially due 
to herbicide tolerance, and root diseases. If weeds can be effectively controlled then conservation 
tillage such as the no-till used in this study could possibly replace conventional tillage for soil 
management without adverse effects on the previously discussed soil properties or grain yield and 
water use efficiency. Thus, from the results and findings of this study it concludes that no-tillage can 
be recommended in this area of the Rȗens as it can systematically improve soil structure and 
consequently also crop performance. The planting of a legume (lupinis) crop before wheat is also 
advised as this gave highest grain yields. 
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Dry, dry colour: light brown 7.5YR 6/4 in the dry state; moist colour: strong brown 7.5YR 
4/6; sandy loam; structure: apedal granular; consistence: slightly hard in dry state, friable 




Dry, dry colour: light brown 7.5YR 6/4 in the dry state; moist colour: brown 7.5YR 4/4;  
sandy clay loam; structure: moderate fine subangular blocky; consistence: hard in dry state, 
friable in moist state; commom coarse gravel 6-25mm and stones 25-75; no plant roots 
observed; gradual tonguing transition 
Lithocutanic 
R 600+ Hard shale rock Residual rock 
































    




Dry, dry colour: light yellowish brown 10YR 6/4 in the dry state; moist colour: dark yellowish 
brown 10YR 4/4; loamy sand; structure: weak fine crumb; consistence: slightly hard in dry 
state, friable in moist state; few gravel rock fragments 2-6mm and coarse gravel 6-25mm; 
few plant roots observed; gradual smooth transition 
Orthic 
B  600 
Dry, dry colour: brownish yellow 10YR 6/8 in the dry state; moist colour: reddish yellow 
7.5YR 6/8; sandy clay loam; structure: moderate fine subangular blocky; consistence: 
slightly hard in dry state, friable in moist state; few gravel rock fragments 2-6mm and coarse 
gravel 6-25mm ; few plant roots observed; gradual tonguing transition 
Neocutanic 
R 600+ Hard shale rock <70% Residual rock 
































    




Dry, dry colour: light brown 7.5YR 6/4 in the dry state; moist colour: dark yellowish brown 
10YR 3/4; sandy clay loam; structure: weak fine crumb; consistence: slightly hard in dry 
state, friable in moist state; few gravel rock fragments 2-6mm and coarse gravel 6-25mm; 
few plant roots observed; gradual smooth transition 
Orthic 
B 600 
Dry, dry colour: brownish yellow 10YR 6/8 in the dry state; moist colour: dark yellowish 
brown 10YR 3/4; clay loam; structure: moderate fine crumb; consistence: slightly hard in 
dry state, friable in moist state; few gravel rock fragments 2-6mm and coarse gravel 6-
25mm ; no plant  roots observed; gradual tonguing transition 
Neocutanic 
R 600+ Hard shale rock <70%; gleyed clay, signs of wetness 
Residual rock and 
saprolite 
































    




Dry, dry colour: pinkish grey 7.5YR 7/2 in the dry state; moist colour: pinkish grey 7.5YR 6/2; 
sandy clay loam; structure: weak fine crumb; consistence: slightly hard in dry state, friable 




Dry, dry colour: brownish yellow 10YR 6/8 in the dry state; moist colour: dark yellowish 
brown 10YR 3/4; sandy clay loam; structure: weak fine granular; consistence: slightly hard 
in dry state, slightly hard in moist state; common gravel rock fragments 2-6mm; no plant 
roots observed; gradual smooth transition 
Pedoocutanic 
R 600+ Gleyed clay, signs of wetness Saprolite 




































Dry, dry colour: pinkish grey 7.5YR 7/2 in the dry state; moist colour: pinkish grey 7.5YR 6/2; 
sandy loam; structure: weak fine crumb; consistence: slightly hard in dry state, friable in 
moist state; few gravel rock fragments 2-6mm and coarse gravel 6-25mm; no plant roots 
observed; gradual tonguing transition 
Orthic 
E 350 
Dry, dry colour: pinkish grey 7.5YR 7/2 in the dry state; moist colour: pinkish grey 7.5YR 6/2; 
sandy loam; structure: weak fine crumb; consistence: slightly hard in dry state, friable in 
moist state; common gravel rock fragments 2-6mm and very few coarse gravel 6-25mm; 
no plant roots observed; gradual tonguing transition 
E-horizon 
B 350+ 
Dry, dry colour: light brown 7.5YR 6/4 in the dry state; moist colour: reddish yellow 7.5YR 
6/8; clay loam; structure: moderate fine sub angular blocky; consistence: hard in dry state, 
slightly hard in moist state; very few gravel rock fragments 2-6mm; no plant roots observed 
Pedocutanic 




Table A-1. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WWWW sequence under CT. 
Table A-2. Individual soil water balance data for the first replicate site of the WWWW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 62                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 9 16 13 12 12 14 21 16 14 21 21 20 21 16 12 10 18 9 5 7 5 10 11 5 24 20 14 11 12 14 19 17 27 24 27 28 26 26 20 19 18 14 15 27 12 28 17 11 25 13 17 9 9 
 20cm 27 34 31 27 26 29 36 30 26 36 34 31 34 27 22 20 19 18 13 16 12 20 22 16 40 33 30 26 27 24 16 14 24 20 23 24 23 20 16 15 14 11 10 20 10 23 13 9 21 11 14 8 7 
 30cm 19 28 25 22 21 23 30 24 20 30 28 24 22 20 17 16 15 15 11 12 10 11 14 12 45 28 27 24 24 22 15 14 24 21 23 25 23 20 17 15 14 12 10 13 10 17 11 9 14 9 11 8 8 
 40cm 23 31 30 27 26 28 32 28 25 39 31 27 23 23 21 20 18 19 16 15 13 14 15 15 44 31 31 30 30 26 15 16 24 22 24 24 23 21 19 17 14 12 10 11 10 10 10 9 10 8 9 8 8 
 50cm 9 14 14 13 13 13 14 14 13 38 16 14 11 11 10 10 9 9 8 7 7 8 7 7 45 16 15 15 15 15 13 14 21 19 21 21 20 19 17 14 13 11 10 10 10 10 10 9 9 8 8 7 7 
 60cm 10 18 18 18 18 18 19 19 19 46 28 26 21 20 18 17 15 16 13 13 12 11 12 12 41 29 28 28 27 25 15 17 22 20 22 25 22 21 19 17 15 13 12 13 12 12 12 11 10 10 9 9 9 
 70cm 9 17 16 16 16 16 16 16 16 45 22 21 19 17 16 15 14 14 12 12 11 10 11 10 42 25 25 25 25 24 16 18 23 22 31 39 20 18 17 15 14 13 12 12 11 11 11 10 10 9 9 9 8 
 80cm 15 32 30 29 29 29 29 29 29 44 35 32 30 28 26 24 23 22 19 18 17 17 18 17 42 36 35 35 34 34 9 10 13 12 39 38 21 18 17 16 14 13 12 12 11 11 11 11 10 9 9 9 9 
 90cm 13 42 26 25 25 24 25 24 24 44 43 26 26 25 23 21 21 20 18 17 17 18 17 17 40 31 30 30 29 29 7 8 9 9 40 39 40 11 11 11 10 9 8 9 8 8 8 8 7 7 6 6 6 
 100cm 9 43 32 30 30 30 30 30 30 43 43 32 32 32 31 29 28 28 26 25 25 24 26 26 43 41 35 35 34 35 8 8 9 9 39 37 39 15 15 15 14 13 11 12 11 11 11 11 11 10 10 10 9 
Total SWC 142 275 235 220 215 225 252 230 216 385 301 253 239 219 196 181 180 169 140 141 129 144 153 137 407 289 269 259 256 250 133 135 196 178 288 299 255 190 168 153 140 120 111 139 104 142 115 98 127 94 101 82 80 
∆S  -132 40 15 5 -10 -27 22 14 -169 83 48 15 19 23 15 1 11 29 -1 12 -15 -9 15 -269 117 20 10 4 6 117 -2 -61 18 -110 -11 44 65 22 15 14 19 9 -28 35 -38 27 17 -29 33 -7 19 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  56 0 0 0 3 0 0 0 104 0 0 0 0 0 0 0 0 0 0 0 3 0 0 116 0 0 0 0 0 0 1 15 0 75 0 0 0 0 0 0 0 0 25 0 7 0 0 3 0 0 0 0 
ET  0 42 18 7 0 1 26 18 0 95 52 42 23 31 18 2 12 30 22 24 0 32 15 0 133 305 11 24 40 237 0 0 26 0 16 54 71 26 17 20 21 10 0 35 0 31 21 0 38 8 19 8 
Ave. ET/day   0 5 3 1 0 0 3 3 0 19 8 5 3 4 6 1 2 4 3 3 0 3 2 0 17 6 2 2 1 4 0 0 3 0 2 5 6 4 2 3 3 2 0 5 0 4 3 0 5 1 3 1 
ΣET  0 42 60 67 67 68 94 112 112 207 260 302 325 356 374 377 389 419 440 464 464 496 512 0 133 438 448 472 512 749 0 0 26 26 42 96 167 192 209 228 249 259 259 294 294 326 347 347 385 393 412 420 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 




          Laboratory analyses 












Crop performance In situ measurements 


































































































































































































































































































































































































































































































































































    












          









      
40 22 18 20 40 Loam 







4.8 5.7 104 81.9  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 62 10 8 7 9 9 43 16 42 42 27 15 16 42 Loam 
 2014 Wheat   3852.5 9.2 16.1 100-150  62 C 
200-
300 
5.0 6.1 79 78.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 68 13 9 7 7 7 50 16 34 43 19 22 16 41 Loam 






5.1 6.4 72 63.1  - -   - -   - -   - -   - -   - -   - -   - -  69 12 9 6 6 6 52 16 32 40 17 29 14 46 Loam 
               200-250  -                                                                             
               250-300  -                                                                             




Table A-3. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WWWW sequence under CT. 
 
Table A-4. Individual soil water balance data for the second replicate site of the WWWW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 65                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 11 15 13 10 10 11 18 13 12 21 21 16 20 12 10 9 19 8 6 7 5 6 9 5 25 23 23 21 19 6 19 17 33 30 32 33 34 33 27 24 23 17 17 31 15 33 23 15 31 20 24 15 15 
 20cm 20 28 24 21 21 22 29 23 21 32 30 24 26 19 16 15 21 15 12 12 11 11 15 11 41 32 29 25 22 15 17 16 32 30 31 33 33 30 23 20 18 15 13 18 13 26 18 13 28 16 19 15 14 
 30cm 8 17 15 14 13 14 18 15 14 39 22 17 14 12 10 9 9 9 7 7 6 6 8 7 43 28 21 19 17 9 20 19 34 32 34 39 37 34 25 21 20 17 15 15 14 15 17 14 27 17 16 16 16 
 40cm 8 13 13 12 11 13 15 14 14 49 27 17 13 11 10 9 9 8 7 8 6 6 7 7 46 45 18 17 16 9 17 18 32 31 34 40 39 31 26 22 20 17 15 15 14 15 16 14 18 15 14 15 14 
 50cm 6 13 12 12 12 12 13 12 12 49 48 22 18 15 12 12 11 11 9 9 8 7 8 8 44 43 27 24 22 12 14 14 23 22 26 41 41 28 27 25 23 19 17 17 16 16 18 16 16 16 16 16 16 
 60cm 4 7 7 7 7 7 8 7 7 49 49 12 11 9 7 6 7 6 5 5 4 4 5 5 46 46 31 19 17 9 20 21 31 30 36 40 40 33 32 31 29 25 22 22 21 21 22 21 20 20 20 20 20 
 70cm 8 17 17 15 16 14 15 15 15 47 47 43 28 27 21 19 18 17 14 14 12 12 13 12 40 41 45 37 30 24 24 25 37 36 39 41 42 37 36 36 35 31 29 28 27 27 28 27 26 25 25 25 25 
 80cm 6 26 24 22 22 22 22 22 22 46 46 46 34 26 23 21 20 18 14 14 12 11 12 12 40 41 46 45 27 22 24 24 36 33 38 42 43 41 36 36 35 34 31 31 29 29 30 28 27 27 27 27 26 
 90cm 13 42 42 40 40 39 41 41 41 45 45 45 44 42 40 38 37 33 27 27 24 23 25 24 46 45 47 45 43 36 25 26 38 34 41 41 42 42 38 37 38 37 35 34 32 32 34 32 31 30 30 30 29 
 100cm 14 41 42 39 39 39 40 40 39 47 46 46 46 42 40 40 41 38 33 33 30 30 31 30 48 48 49 48 43 34 17 18 26 22 38 39 40 39 31 27 27 26 25 25 24 23 24 23 22 21 21 21 20 
Total SWC 98 218 209 193 190 194 219 203 196 423 381 287 254 215 190 179 191 163 135 135 120 116 133 118 419 392 337 300 256 176 197 197 322 300 348 391 391 347 300 278 268 238 219 237 205 237 230 204 245 207 212 199 193 
∆S  -120 8 17 2 -4 -25 16 6 -227 42 94 33 39 25 11 -13 28 28 1 15 4 -17 14 -301 27 56 36 44 80 -21 0 -124 21 -48 -42 0 44 47 22 11 30 19 -18 32 -32 7 27 -41 38 -5 13 6 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  43 0 0 0 0 0 0 0 162 0 0 0 0 0 0 11 0 0 0 0 0 0 0 148 0 0 0 0 0 0 0 79 0 12 16 0 0 0 0 0 0 0 15 0 2 0 0 15 0 0 0 0 
ET  0 10 20 5 3 3 19 11 0 54 98 60 42 33 15 0 30 28 24 27 15 24 14 0 43 340 37 65 113 99 1 0 29 0 0 9 49 51 24 16 31 20 0 32 0 11 31 0 43 10 13 12 
Ave. ET/day   0 1 3 1 0 0 2 2 0 11 14 7 6 5 5 0 5 4 3 4 2 2 2 0 5 6 5 4 3 2 0 0 4 0 0 1 5 7 3 2 4 3 0 4 0 2 4 0 5 1 2 2 
ΣET  0 10 30 35 39 42 61 72 72 127 225 285 327 360 375 375 405 433 457 483 499 523 538 0 43 383 420 485 598 697 1 1 31 31 31 40 89 140 164 181 212 232 232 263 263 274 305 305 348 358 371 383 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 












Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









   
35 15 25 25 40 Loam 
 2013 Wheat   1635.0 3.0 4.8 50-100 1315.8 65 B 
100-
200 
5.5 6.3 158 82.1 - - - - - - - - - - - - - - - - 53 10 6 5 8 8 43 14 43 36 11 23 29 35 Clay loam 
 2014 Wheat   2738.2 7.2 11.4 100-150 1406.5 65 C 
200-
300 
5.5 6.7 118 86.9 - - - - - - - - - - - - - - - - 56 7 3 3 6 7 40 11 49 25 18 21 37 39 Clay loam 
               150-200 1445.0 65 D 
300-
450 
5.7 7.0 108 84.2 - - - - - - - - - - - - - - - - 55 8 6 4 5 5 50 15 35 28 12 23 36 35 Clay loam 
               200-250 1491.5                                                                             
               250-300 1527.5                                                                             




Table A-5. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WWWW sequence under CT. 
 
Table A-6. Individual soil water balance data for the third replicate site of the WWWW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 78                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 5 15 11 9 11 11 13 15 12 22 22 21 21 17 13 10 18 5 2 2 2 3 3 1 20 22 9 5 4 8 21 21 33 35 36 39 40 41 43 44 43 38 32 33 17 36 37 17 38 22 21 9 9 
 20cm 21 35 34 30 29 29 34 33 29 38 38 38 39 39 35 31 36 24 17 16 14 15 19 15 37 38 35 32 34 23 27 26 44 38 46 47 47 46 46 42 31 27 24 27 18 51 25 16 51 20 19 12 10 
 30cm 28 35 34 33 33 32 38 35 33 39 38 40 40 40 36 33 32 30 20 19 17 17 22 20 43 42 38 39 38 35 27 27 47 47 47 48 47 47 47 47 45 40 38 43 37 52 45 36 52 40 37 33 27 
 40cm 24 44 39 30 31 31 43 35 31 44 43 43 43 44 33 31 31 30 22 20 17 17 20 19 46 46 45 39 36 32 19 20 49 48 48 49 48 48 48 48 46 41 40 47 46 53 51 44 52 46 43 42 38 
 50cm 20 45 44 36 36 36 44 44 37 45 44 42 43 42 40 36 37 38 34 31 28 28 30 29 46 45 46 45 45 38 15 16 50 49 49 50 49 49 49 49 49 46 42 51 50 53 55 49 52 50 46 45 43 
 60cm 19 46 45 41 40 43 45 45 39 46 45 44 45 45 43 37 38 46 36 35 33 34 35 34 47 47 46 46 46 37 37 19 51 51 51 52 51 51 51 52 52 49 45 53 47 55 57 47 53 50 41 38 36 
 70cm 18 45 44 44 45 45 45 45 44 46 45 45 45 45 44 45 46 46 43 41 39 40 44 42 45 45 44 46 45 45 51 46 51 51 51 51 51 51 51 52 52 51 51 53 53 54 55 54 53 50 51 45 32 
 80cm 21 43 41 42 42 42 42 42 42 43 42 41 42 42 41 42 44 44 43 42 41 42 43 42 42 42 41 41 42 42 49 49 49 49 49 50 50 49 49 50 50 50 49 51 51 52 53 51 51 50 49 49 43 
 90cm                                48 48 48 48 48 48 48 48 48 49 49 48 48 49 49 50 51 50 50 49 48 48 47 
 100cm                                46 46 46 46 46 46 46 46 46 46 46 46 45 47 47 47 49 48 47 47 46 46 45 
Total SWC 157 309 290 265 267 270 304 294 268 321 317 315 318 314 286 264 282 263 217 207 190 197 215 203 326 328 304 293 290 262 340 318 468 463 472 479 478 475 478 479 462 436 415 454 415 503 478 411 498 424 402 367 330 
∆S  -152 18 25 -2 -3 -34 10 26 -53 4 3 -3 3 29 21 -18 19 47 10 17 -7 -19 12 -122 -2 24 11 3 28 -78 22 -150 5 -9 -7 1 3 -3 0 16 26 21 -39 39 -88 25 67 -87 74 23 35 37 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  75 0 0 0 0 6 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 105 0 0 0 0 0 0 0 0 0 0 37 0 58 0 0 60 0 0 0 0 
ET  0 20 28 1 4 0 13 30 12 16 7 24 7 37 25 0 21 47 33 29 5 23 12 31 13 308 12 23 62 42 23 0 13 26 20 10 9 1 2 22 28 22 0 39 0 29 71 0 79 37 35 43 
Ave. ET/day   0 3 5 0 1 0 2 4 2 3 1 3 1 5 8 0 3 7 4 4 1 2 2 5 2 6 2 2 2 1 3 0 2 4 3 1 1 0 0 3 3 4 0 5 0 4 10 0 10 5 5 6 
ΣET  0 20 49 50 54 54 67 97 109 125 132 156 163 200 225 225 246 292 325 354 359 381 393 31 44 353 365 388 450 492 23 23 37 63 83 93 102 103 105 127 155 176 176 216 216 245 316 316 395 432 467 510 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
 
           Laboratory analyses 












Crop performance In situ measurements 











































































































































































































































































































































































































































































































































































          
78 A 0-100 4.9 5.8 415 80.2 0.54 0.50 0.33 0.39 - 0.30 0.17 0.24 0.19 0.22 0.17 0.19 0.16 0.18 0.03 0.03 41 
 









      
29 17 23 32 40 Clay loam 
 2013 Wheat   3248.0 8.3 9.5 50-100 - 78 B 
100-
200 
5.1 6.1 355 73.6 0.48 0.51 0.28 0.40 - 0.31 0.15 0.25 0.17 0.23 0.15 0.20 0.15 0.19 0.03 0.03 55 
 
12 4 5 7 44 13 43 27 22 18 33 39 Clay loam 
 2014 Wheat   - - - 100-150 - 78 C 
200-
300 
5.2 6.3 330 81.1 0.51 0.53 0.29 0.48 - 0.40 0.17 0.34 0.18 0.32 0.16 0.30 0.16 0.28 0.02 0.02 49 
 
13 2 3 4 59 10 31 22 18 12 49 30 Clay  
               150-200 - 78 D 
300-
450 
5.7 6.8 394 92.0 0.50 0.55 0.29 0.57 - 0.50 0.18 0.45 0.19 0.42 0.17 0.40 0.18 0.38 0.03 0.01 49 
 
7 1 1 2 61 9 29 12 17 8 64 25 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A.7. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WWWW sequence under NT. 
 
Table A-8. Individual soil water balance data for the first replicate site of the WWWW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 61                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 17 33 32 31 31 27 33 27 22 39 36 36 31 21 15 12 20 9 6 8 6 24 13 7 40 37 35 26 18 8 26 22 31 27 33 4 31 41 13 14 12 9 9 17 7 17 12 6 15 7 9 5 5 
 20cm 28 43 42 29 29 29 30 26 22 42 42 37 30 26 19 16 14 14 12 12 11 14 16 14 43 42 32 28 22 14 30 27 35 34 40 40 40 43 10 12 10 8 7 12 7 13 9 6 11 7 7 6 6 
 30cm 15 45 46 34 31 28 32 29 24 45 45 45 39 32 23 20 17 17 15 15 14 15 18 18 45 44 44 35 31 20 29 28 35 35 42 42 40 45 4 4 3 3 2 3 2 3 3 2 3 2 2 2 2 
 40cm 24 50 50 48 38 37 38 37 35 50 50 51 49 40 36 33 31 29 25 25 23 25 27 31 52 50 51 43 41 26 23 24 29 29 46 46 46 46 7 6 7 7 6 6 5 6 6 5 6 5 5 5 5 
 50cm 24 49 51 49 38 36 36 35 35 50 50 50 50 42 36 35 36 37 35 34 33 34 35 35 52 50 51 39 37 23 24 25 29 31 47 49 48 47 39 7 8 10 10 11 10 10 11 9 10 9 9 8 8 
 60cm 19 49 50 48 48 33 31 32 31 49 49 49 49 49 36 34 34 34 34 33 33 33 34 34 50 49 49 41 34 24 21 21 24 49 47 49 29 48 49 10 9 10 10 12 12 12 12 10 10 10 9 10 9 
 70cm 20 48 48 48 47 46 41 41 39 47 48 48 48 49 48 44 43 45 44 43 43 43 45 43 49 48 49 48 42 32 10 10 12 49 46 49 40 46 46 47 45 43 43 46 46 46 46 45 44 42 41 41 40 
 80cm 21 48 48 48 47 47 47 40 37 48 48 49 48 49 48 45 42 44 43 41 41 42 46 42 48 48 49 49 39 30 10 11 14 47 45 47 41 44 45 46 45 41 40 43 44 44 44 42 41 40 39 39 37 
 90cm 20 47 47 47 46 46 46 47 41 47 47 47 47 48 47 47 48 49 45 43 43 44 50 48 47 46 48 47 41 30 10 11 14 47 46 47 46 44 46 47 47 45 43 47 48 48 48 47 46 45 45 44 43 
 100cm 19 48 47 47 47 47 47 47 48 47 47 47 47 48 47 47 48 49 50 46 45 46 50 49 48 47 47 47 45 37 8 8 9 47 46 48 48 43 45 46 46 46 44 47 47 47 48 47 46 46 45 45 43 
Total SWC 206 461 461 427 401 377 382 361 335 463 461 460 437 405 356 334 335 328 311 302 293 321 333 322 475 461 454 402 350 243 193 189 232 395 436 422 409 448 304 239 233 222 216 243 228 245 237 221 230 214 213 204 198 
∆S  -255 -1 34 26 25 -5 21 26 -128 2 1 23 32 49 21 0 6 18 8 9 -28 -12 12 -153 14 7 52 52 107 50 4 -43 -163 -41 15 12 -38 144 65 6 11 7 -27 15 -17 9 16 -9 17 1 9 6 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  178 0 0 0 0 0 0 0 64 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 155 6 0 0 33 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0 
ET  0 1 37 29 32 23 24 31 0 14 5 50 36 57 25 1 8 18 32 20 0 29 12 1 30 291 53 73 140 171 5 2 0 0 41 22 0 148 68 11 12 7 0 15 13 13 20 17 22 16 9 12 
Ave. ET/day   0 0 6 5 5 3 3 5 0 3 1 6 5 8 8 0 1 3 4 3 0 3 2 0 4 5 8 5 3 3 1 0 0 0 6 2 0 21 9 2 1 1 0 2 2 2 3 3 3 2 1 2 
ΣET  0 1 39 67 99 122 146 176 176 191 196 246 282 339 364 365 373 391 422 443 443 472 484 1 30 321 374 447 587 758 5 8 8 8 49 71 71 219 286 298 310 317 317 332 345 357 378 395 417 432 441 453 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
 
           Laboratory analyses 












Crop performance In situ measurements 










































































































































































































































































































































































































































































































































































          









      
33 16 26 25 42 Loam 
 2013 Wheat   - - - 50-100 - 61 B 
100-
200 
5.4 6.3 270 66.6 - - - - - - - - - - - - - - - - 45 10 6 4 6 7 48 12 40 33 16 22 28 39 Clay loam 
 2014 Wheat   3516.4 7.8 14.7 100-150 - 61 C 
200-
300 
5.5 6.7 225 67.6 - - - - - - - - - - - - - - - - 45 11 5 3 5 5 55 10 35 29 16 22 33 38 Clay loam 
               150-200 - 61 D 
300-
450 
6.1 7.5 251 79.9 - - - - - - - - - - - - - - - - 39 9 5 2 3 4 61 9 30 22 12 22 44 34 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-9. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WWWW sequence under NT. 
 
Table A-10. Individual soil water balance data for the second replicate site of the WWWW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 66                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 12 23 20 17 17 19 27 18 15 27 26 19 22 14 11 11 18 10 8 9 7 10 13 8 34 28 24 21 22 21 25 23 31 29 31 32 31 29 24 23 21 16 17 30 14 31 21 14 30 21 26 19 17 
 20cm 15 23 24 23 22 23 30 22 20 31 27 22 20 17 14 12 13 12 10 10 9 10 13 10 44 31 28 27 26 25 14 13 23 20 22 22 21 18 15 13 12 10 9 13 8 17 12 9 19 12 15 12 11 
 30cm 18 27 28 27 25 27 32 26 23 36 31 28 22 20 17 15 15 14 12 12 11 11 13 12 45 35 30 30 28 27 11 11 18 16 17 18 16 14 12 11 10 9 8 8 7 8 9 7 14 10 10 10 9 
 40cm 15 27 25 25 24 26 28 25 22 47 33 28 21 19 17 15 15 14 12 12 11 10 12 11 45 36 29 28 27 26 14 15 21 19 20 22 20 17 16 14 13 12 10 10 10 10 10 10 13 11 11 11 11 
 50cm 9 19 18 18 17 18 18 18 16 47 28 23 17 15 13 12 12 11 10 10 9 8 10 9 44 42 27 26 25 24 20 20 26 26 30 39 33 21 19 17 16 14 13 13 12 12 13 13 13 12 12 13 12 
 60cm 11 21 20 20 19 20 20 20 19 44 33 25 18 17 15 14 14 12 11 11 10 9 11 10 42 41 26 25 24 24 18 19 24 19 41 42 42 9 8 7 7 6 5 6 5 5 5 6 5 5 5 5 5 
 70cm 12 29 22 23 21 21 21 21 21 43 43 25 21 19 17 16 16 14 13 13 12 11 13 13 42 41 29 28 27 27 15 15 19 36 41 42 41 13 13 12 11 10 9 9 9 8 9 8 8 8 8 8 8 
 80cm 11 40 28 28 27 27 26 27 26 42 41 31 26 24 21 20 20 18 16 16 15 14 16 16 40 40 31 30 29 29 15 16 21 39 39 40 39 29 28 28 26 22 20 20 19 18 19 19 18 18 18 17 17 
 90cm 13 40 28 28 27 28 27 27 27 41 41 38 28 26 23 21 22 20 18 18 17 16 18 20 40 39 33 30 29 29 9 10 13 39 40 41 40 29 27 27 26 23 21 21 19 19 20 19 18 18 18 18 17 
 100cm 13 40 31 29 29 29 28 28 28 41 41 41 30 29 26 25 25 23 21 21 20 20 25 24 41 41 40 31 30 30 11 11 15 40 41 41 41 32 30 30 30 28 27 27 25 25 25 24 23 23 22 22 22 
Total SWC 129 288 246 237 226 237 258 231 219 398 345 280 226 199 173 161 168 149 129 130 119 120 142 134 417 375 297 276 267 262 151 153 212 283 322 338 324 211 192 182 171 149 137 158 129 153 141 128 162 136 145 136 129 
∆S  -159 42 9 12 -12 -21 26 12 -179 53 65 54 26 26 12 -7 20 20 -2 11 -1 -21 8 -284 42 78 21 9 5 111 -2 -58 -71 -39 -16 14 114 18 10 11 22 11 -20 29 -24 12 13 -33 25 -9 10 7 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  82 0 0 0 4 0 0 0 115 0 0 0 0 0 0 6 0 0 0 0 0 0 0 130 0 0 0 0 0 0 1 13 63 4 0 0 0 0 0 0 0 0 18 0 0 0 0 7 0 0 0 0 
ET  0 44 12 15 0 7 30 17 0 65 69 82 30 34 16 0 21 20 21 22 11 20 8 0 58 362 22 30 38 231 0 0 0 0 10 24 119 22 13 17 24 12 0 29 6 16 17 0 30 6 10 13 
Ave. ET/day   0 5 2 2 0 1 4 3 0 13 10 9 4 5 5 0 3 3 3 3 2 2 1 0 7 7 3 2 1 4 0 0 0 0 2 2 11 3 2 2 3 2 0 4 1 2 2 0 4 1 1 2 
ΣET  0 44 55 70 70 77 107 124 124 189 258 340 370 404 420 420 441 461 483 505 515 535 543 0 58 420 442 472 510 741 0 0 0 0 10 34 153 176 188 205 228 241 241 269 275 292 308 308 339 345 355 367 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
 
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: AIIN66 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          
66 A 0-100 5.2 5.8 228 90.0 0.52 0.46 0.40 0.31 0.21 0.23 0.17 0.18 0.14 0.15 0.10 0.14 0.14 0.12 0.05 0.04 58 
 









      
47 11 24 18 35 Loam 
 2013 Wheat   3201.3 5.9 9.4 50-100 1366.8 66 B 
100-
200 
5.2 5.9 148 84.8 0.48 0.46 0.35 0.31 0.20 0.23 0.16 0.17 0.14 0.15 0.10 0.13 0.13 0.12 0.05 0.04 66 
 
19 7 10 9 42 15 42 46 13 24 17 37 Loam 
 2014 Wheat   3322.1 9.0 13.9 100-150 1460.0 66 C 
200-
300 
5.3 6.3 104 66.6 0.47 0.44 0.37 0.30 0.22 0.21 0.16 0.16 0.13 0.13 0.08 0.12 0.13 0.10 0.04 0.04 24 
 
25 8 8 8 50 16 33 49 14 24 13 39 Loam 
               150-200 1505.0 66 D 
300-
450 
5.5 6.6 98 55.3 0.49 0.44 0.39 0.32 0.23 0.22 0.18 0.16 0.15 0.13 0.09 0.11 0.14 0.10 0.04 0.04 72 
 
24 7 7 6 53 17 30 45 14 30 12 44 Loam 
               200-250 1548.5                                                                             
               250-300 1651.5                                                                             




Table A-11. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WWWW sequence under NT. 
 
Table A-12. Individual soil water balance data for the third replicate site of the WWWW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 77                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 17 31 27 24 23 22 30 26 24 35 30 31 32 29 26 23 29 15 10 9 8 9 10 7 29 29 23 17 19 13 43 32 42 38 38 39 38 37 38 40 39 38 36 38 33 37 36 31 36 33 33 25 28 
 20cm 32 37 37 36 36 38 39 37 37 39 39 39 39 40 39 37 34 30 20 19 17 16 22 19 41 41 39 37 37 28 38 28 36 35 37 41 37 36 36 37 38 36 31 35 29 44 35 30 38 31 31 26 24 
 30cm 31 39 37 37 36 37 38 39 37 40 41 41 41 41 39 38 36 34 22 20 17 16 19 18 43 43 41 41 40 37 42 37 44 44 44 44 43 43 43 44 45 42 39 41 38 49 44 40 48 41 40 38 36 
 40cm 26 39 42 38 35 37 38 41 36 43 43 42 42 42 38 36 36 35 24 20 16 15 17 17 45 44 45 42 41 39 46 44 47 47 47 46 46 45 45 46 46 46 45 48 46 51 50 47 51 47 46 45 44 
 50cm 27 47 46 44 42 42 45 42 42 45 45 44 43 43 42 40 40 41 35 30 25 22 25 24 46 46 46 47 46 42 48 40 48 48 48 48 48 47 47 47 48 47 41 51 45 52 51 45 52 46 44 42 41 
 60cm 28 47 46 45 44 44 44 42 44 45 44 43 42 43 42 42 42 43 36 34 32 30 32 31 48 47 44 45 45 44 50 38 50 50 50 50 50 49 50 50 51 51 41 52 42 53 53 43 53 51 44 39 37 
 70cm 27 45 45 44 43 42 43 42 44 43 42 42 41 42 41 41 43 45 40 40 38 39 41 40 47 46 43 44 45 47 51 50 51 51 50 51 51 50 50 51 52 51 50 52 52 53 54 49 53 52 51 40 32 
 80cm 25 44 43 43 42 42 43 42 43 42 43 42 41 42 42 41 43 44 43 43 41 42 46 45 46 46 43 45 46 48 51 50 51 51 51 51 51 50 51 51 52 51 51 53 52 54 55 53 53 52 51 51 31 
 90cm                                48 48 48 49 48 48 48 48 48 49 49 48 48 49 49 50 51 49 49 48 48 47 47 
 100cm                                49 48 49 49 48 49 49 48 49 49 49 49 48 50 49 50 51 50 49 49 48 48 47 
Total SWC 212 329 322 310 301 303 320 312 307 333 328 324 320 322 308 298 304 287 232 215 192 189 212 200 344 343 324 317 319 298 468 417 467 462 461 466 461 453 455 465 468 457 431 470 437 494 481 436 480 450 436 401 366 
∆S  -116 6 12 10 -2 -17 8 5 -25 5 3 5 -2 15 9 -5 16 56 16 24 3 -23 12 -144 1 19 7 -1 21 -170 51 -50 4 1 -5 5 8 -2 -10 -3 11 27 -39 33 -57 13 45 -43 30 14 35 36 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  39 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 4 0 0 0 0 0 0 7 0 0 0 36 0 27 0 0 17 0 0 0 0 
ET  0 8 15 12 5 11 11 10 39 17 7 32 2 22 13 0 18 56 39 35 14 18 12 10 17 303 8 19 54 0 52 0 13 37 22 14 14 2 0 2 12 27 0 33 0 17 49 0 35 28 35 41 
Ave. ET/day   0 1 3 2 1 1 1 1 5 3 1 4 0 3 4 0 3 8 5 5 2 2 2 2 2 6 1 1 1 0 6 0 2 6 3 1 1 0 0 0 1 5 0 4 0 2 7 0 4 4 5 6 
ΣET  0 8 23 36 41 51 62 72 112 128 136 168 169 191 204 204 222 278 317 352 367 385 396 10 27 330 338 357 411 411 52 52 65 101 123 137 151 153 153 155 168 195 195 228 228 245 294 294 328 357 392 433 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
 
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: AIIIN77 Crop performance In situ measurements 


































































































































































































































































































































































































































































































































































    








          









          
28 25 16 31 41 Clay loam 
 2013 Wheat   4125.4 10.4 12.1 50-100 - 77 B 
100-
200 
5.9 6.8 721 72.0 - - - - - - - - - - - - - - - - 50 10 5 3 5 7 49 12 40 30 20 18 32 38 Clay loam 
 2014 Wheat   - - - 100-150 - 77 C 
200-
300 
5.5 6.5 606 83.3 - - - - - - - - - - - - - - - - 44 9 4 2 3 4 58 9 33 23 23 14 41 37 Clay  
               150-200 - 77 D 
300-
450 
5.9 7.0 509 90.7 - - - - - - - - - - - - - - - - 33 3 2 1 2 3 44 12 44 10 16 8 65 24 Clay  
               200-250 -                                                                           
               250-300 -                                                                           




Table A.13. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WMcWMc sequence under CT. 
 
Table A-14. Individual soil water balance data for the first replicate site of the WMcWMc sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 47                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 5 12 7 10 8 10 17 11 9 19 19 15 18 8 7 6 16 5 3 5 4 10 7 3 25 21 11 8 6 1 20 19 34 31 33 32 32 30 24 21 19 16 17 31 15 33 21 15 31 18 26 17 15 
 20cm 20 33 28 26 24 29 35 30 25 34 34 25 28 20 16 15 15 14 12 13 12 13 19 13 40 35 27 26 21 12 15 14 28 25 27 29 29 26 20 17 15 13 12 18 12 25 17 13 27 15 18 14 13 
 30cm 18 29 27 25 23 27 31 27 24 31 29 24 22 18 15 14 13 14 12 12 11 12 15 12 41 33 28 27 20 15 10 11 19 18 19 20 19 16 12 10 9 8 8 8 8 8 9 9 14 9 8 8 8 
 40cm 17 29 27 26 24 26 31 26 25 34 30 26 21 19 16 15 14 15 13 12 12 13 14 12 45 38 29 29 31 21 11 11 16 15 16 18 16 15 12 10 9 8 7 8 8 8 8 8 8 8 7 7 7 
 50cm 17 28 27 26 25 25 29 26 26 43 35 31 25 22 19 18 17 17 15 14 14 14 15 14 45 43 31 31 32 24 7 8 11 11 12 14 14 13 12 10 8 7 6 7 7 7 7 7 7 7 6 6 6 
 60cm 17 26 25 24 23 23 27 25 24 46 39 34 30 26 21 20 19 19 17 16 16 16 17 16 45 43 35 33 29 23 4 5 8 9 9 42 17 15 14 13 10 8 7 7 7 7 8 7 7 7 7 7 6 
 70cm 18 31 29 28 27 26 30 29 28 45 45 37 38 34 27 24 23 23 20 19 18 19 19 18 45 44 43 40 35 24 5 6 26 13 24 43 43 13 12 11 10 8 7 7 7 7 8 7 7 6 6 6 6 
 80cm 21 40 38 37 36 35 36 38 37 44 45 44 42 42 39 34 33 33 29 29 27 28 29 27 45 44 45 44 41 33 5 6 42 42 40 40 41 32 29 27 24 21 19 19 18 18 19 18 18 18 17 17 17 
 90cm 18 38 36 35 34 33 33 35 34 43 43 43 39 37 36 35 33 33 29 28 27 28 28 27 44 43 43 43 37 32 8 9 41 42 41 41 41 41 35 34 30 26 23 23 23 22 23 22 22 22 21 21 21 
 100cm 20 40 38 37 36 36 36 37 37 43 44 44 42 40 39 39 38 38 34 34 33 33 34 32 45 45 44 44 40 34 11 12 41 41 41 41 41 41 31 30 26 22 20 20 19 18 20 19 19 18 18 17 17 
Total SWC 171 305 280 273 261 271 305 283 268 382 364 323 306 266 235 220 221 211 182 183 175 186 197 174 421 390 337 326 292 217 95 102 267 247 262 322 294 241 202 186 159 137 126 146 124 152 140 126 161 127 135 121 117 
∆S  -133 24 8 12 -10 -35 22 15 -114 18 41 17 40 31 15 -2 10 29 0 8 -12 -11 24 -247 30 53 12 34 74 122 -6 -166 20 -14 -60 28 53 39 16 27 21 11 -19 22 -28 12 15 -35 34 -9 14 4 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  56 0 0 0 3 7 0 0 49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 93 0 0 0 0 0 0 5 120 0 0 33 0 0 0 0 0 0 0 17 0 0 0 0 9 0 0 0 0 
ET  0 26 11 14 0 0 25 20 0 30 45 44 44 39 19 0 12 29 23 20 0 30 24 0 46 337 13 55 108 242 0 0 28 21 0 38 59 43 18 32 23 12 0 22 2 16 19 0 39 6 14 10 
Ave. ET/day   0 3 2 2 0 0 3 3 0 6 6 5 6 5 6 0 2 4 3 3 0 3 3 0 6 6 2 4 3 4 0 0 4 4 0 4 5 6 3 5 3 2 0 3 0 2 3 0 5 1 2 1 
ΣET  0 26 37 52 52 52 77 97 97 127 172 216 260 299 318 318 330 359 381 401 401 431 455 0 46 383 396 450 558 800 0 0 28 49 49 87 146 189 207 239 262 274 274 296 298 314 333 333 372 378 392 402 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
 
           Laboratory analyses 












Crop performance In situ measurements 


































































































































































































































































































































































































































































































































































    








          
47 A 0-100 5.6 6.3 231 72.7 0.56 0.47 0.35 0.32 - 0.24 0.18 0.19 0.18 0.17 0.16 0.15 0.12 0.13 0.06 0.04 57 
 









      




  - - - 50-100 1373.3 47 B 
100-
200 
5.2 6.0 119 76.3 0.53 0.47 0.32 0.32 - 0.24 0.16 0.19 0.15 0.17 0.13 0.15 0.10 0.14 0.05 0.04 63 
 
18 8 10 9 40 17 43 44 10 23 22 33 Loam 
 2014 Wheat   3242.9 8.1 13.5 100-150 1448.3 47 C 
200-
300 
5.4 6.3 111 64.7 0.51 0.47 0.30 0.32 - 0.24 0.17 0.19 0.17 0.17 0.14 0.15 0.11 0.13 0.05 0.04 73 
 
20 8 10 8 43 18 38 46 8 24 22 32 Loam 
               150-200 1497.5 47 D 
300-
450 
5.5 6.6 94 57.9 0.53 0.48 0.33 0.34 - 0.25 0.19 0.20 0.19 0.17 0.15 0.15 0.11 0.14 0.05 0.04 70 
 
17 8 8 6 44 20 37 39 8 31 22 39 Loam 
               200-250 1541.5                                                                             
               250-300 1579.3                                                                             




Table A-15. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WMcWMc sequence under 
CT. 
 
Table A-16. Individual soil water balance data for the second replicate site of the WMcWMc sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 59                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 8 16 13 12 11 13 20 14 11 23 22 15 19 9 8 8 11 7 5 8 7 10 15 9 22 22 15 12 17 12 21 21 30 26 29 30 28 29 22 22 20 16 18 30 14 31 17 12 26 15 18 10 11 
 20cm 22 33 30 27 26 29 35 27 24 36 34 25 28 21 17 15 14 14 12 17 14 16 25 22 36 34 29 26 29 26 19 19 31 27 30 30 28 26 22 20 19 15 18 29 14 30 17 12 26 12 18 11 10 
 30cm 13 25 23 21 19 22 28 21 18 29 25 19 18 15 12 11 10 10 8 9 9 10 12 12 31 27 24 22 23 21 15 18 28 25 27 27 25 23 20 18 16 14 14 23 12 26 14 11 22 12 12 10 10 
 40cm 12 22 21 20 19 22 27 21 19 28 25 20 17 16 14 12 11 11 9 9 9 10 10 10 37 24 25 23 24 22 12 15 23 20 22 22 21 19 17 15 13 12 10 13 10 11 10 9 15 10 10 9 8 
 50cm 13 22 21 20 19 22 26 22 20 32 25 21 18 17 15 14 13 12 10 10 9 10 10 11 44 24 25 24 24 22 10 12 16 15 15 16 15 14 13 11 10 9 8 9 8 8 8 8 11 8 7 7 7 
 60cm 14 21 21 20 20 22 25 23 22 43 28 26 22 21 18 17 16 16 14 13 13 13 14 14 43 27 27 26 27 25 9 10 13 12 12 22 11 11 11 9 8 8 7 7 7 6 7 7 7 6 6 5 5 
 70cm 14 25 24 23 22 24 26 24 24 43 31 29 28 24 22 22 21 21 18 18 17 17 18 18 42 30 30 29 29 28 7 8 10 9 17 41 12 7 7 7 6 6 5 6 5 5 5 5 5 4 4 4 4 
 80cm 15 31 23 22 23 24 26 24 24 42 32 27 27 27 24 23 22 22 20 20 19 20 21 20 42 30 28 27 27 26 4 5 6 4 41 41 41 5 5 5 5 5 4 5 4 4 4 4 4 4 4 3 3 
 90cm 14 40 22 21 20 20 25 21 21 41 41 24 23 21 20 20 19 19 17 17 17 17 18 17 41 28 23 22 22 21 6 7 32 12 40 39 40 11 11 10 10 9 8 8 7 8 7 7 7 7 7 6 6 
 100cm 16 40 27 25 24 25 40 25 24 41 40 29 28 27 26 26 26 25 24 23 23 23 24 23 41 41 29 28 27 26 5 6 39 38 38 38 38 16 16 16 15 13 12 12 11 11 11 11 10 10 10 10 10 
Total SWC 142 275 227 211 203 222 279 222 208 357 303 237 228 200 177 168 162 158 139 143 137 146 167 156 380 286 255 239 250 229 108 119 228 188 269 307 259 160 144 134 123 106 103 141 92 140 100 86 133 87 94 77 75 
∆S  -134 49 16 9 -19 -58 57 15 -149 53 66 9 28 23 9 6 4 19 -5 6 -9 -22 11 -224 94 31 16 -11 21 121 -11 -109 40 -81 -38 48 99 17 9 11 17 4 -39 50 -48 40 14 -47 47 -8 18 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  57 0 0 0 12 30 0 0 84 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 0 10 64 0 46 11 0 0 0 0 0 0 0 36 0 18 0 0 21 0 0 0 0 
ET  0 51 19 11 0 0 60 19 0 65 70 37 32 31 13 7 5 20 18 18 3 19 11 0 109 315 17 10 54 241 0 0 48 0 0 58 104 21 12 17 18 4 0 50 0 44 18 0 52 7 18 8 
Ave. ET/day   0 6 3 2 0 0 8 3 0 13 10 4 5 4 4 2 1 3 2 3 0 2 1 0 14 6 2 1 1 4 0 0 6 0 0 5 10 3 2 2 2 1 0 7 0 6 3 0 7 1 3 1 
ΣET  0 51 69 81 81 81 141 160 160 226 296 333 365 395 408 415 420 440 458 476 479 499 510 0 109 424 442 451 506 747 0 0 48 48 48 105 210 231 242 259 277 281 281 331 331 375 393 393 444 452 470 477 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: BIIK59 Crop performance In situ measurements 


































































































































































































































































































































































































































































































































































    








          
59 A 0-100 4.7 5.4 222 91.2 0.54 0.46 0.37 0.32 - 0.23 0.20 0.18 0.18 0.15 0.15 0.13 0.12 0.12 0.06 0.04 65 
 









      




  - - - 50-100 - 59 B 
100-
200 
4.8 5.5 159 88.3 0.55 0.46 0.37 0.32 - 0.23 0.19 0.17 0.18 0.15 0.14 0.13 0.12 0.12 0.05 0.04 69 
 
22 7 8 8 50 15 35 45 12 26 17 38 Loam 
 2014 Wheat   2392.6 5.0 10.0 100-150 - 59 C 
200-
300 
4.9 5.8 107 72.7 0.59 0.45 0.42 0.31 - 0.22 0.21 0.16 0.19 0.14 0.14 0.12 0.09 0.11 0.05 0.04 74 
 
24 7 7 7 53 15 32 45 13 27 15 41 Loam 
               150-200 - 59 D 
300-
450 
5.0 6.0 83 71.0 0.55 0.45 0.40 0.32 - 0.22 0.20 0.16 0.19 0.14 0.13 0.12 0.08 0.10 0.05 0.04 74 
 
21 7 7 8 48 17 35 43 16 28 14 43 Loam 
               200-250 -                                                                             
               250-300 -                                                                             




Table A.17. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WMcWMc sequence under CT. 
 
Table A-18. Individual soil water balance data for the third replicate site of the WMcWMc sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 73                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 10 25 23 22 21 17 25 22 21 32 30 27 26 18 12 11 21 11 8 10 8 10 12 6 31 28 15 12 11 7 24 21 36 35 37 40 0 42 28 26 25 20 21 28 17 28 22 15 26 17 20 12 12 
 20cm 10 25 24 22 21 21 22 21 22 37 28 24 25 22 16 15 13 14 12 13 11 11 13 10 35 33 21 19 17 17 23 21 40 38 39 40 0 43 12 10 10 8 7 10 7 12 9 6 11 7 6 5 6 
 30cm 12 38 36 33 32 33 37 34 33 37 38 35 37 35 32 30 27 26 20 21 18 17 19 17 37 36 33 32 30 29 30 29 39 39 40 41 37 44 36 35 33 27 24 23 21 28 24 19 31 22 21 21 20 
 40cm 16 40 39 38 38 38 39 39 39 40 39 39 39 39 39 39 38 40 32 31 26 23 24 23 41 40 39 40 38 39 28 27 44 44 43 43 39 43 37 34 34 30 27 24 21 21 22 19 25 20 19 19 21 
 50cm 19 42 42 40 41 40 41 41 41 41 41 41 40 40 41 41 42 43 42 43 39 34 35 33 45 44 43 44 43 43 47 41 46 46 46 46 41 47 46 47 42 37 35 34 30 31 32 28 28 28 28 28 28 
 60cm 23 44 44 43 42 41 42 42 43 43 43 43 42 44 43 43 43 44 44 43 43 45 46 43 46 45 45 46 44 45 47 47 47 48 47 47 41 49 48 49 49 42 40 39 37 39 44 37 39 42 37 36 36 
 70cm 23 42 43 43 41 41 41 42 41 42 42 42 42 43 42 43 42 44 43 43 42 43 45 43 44 44 45 45 44 44 46 46 46 46 46 45 44 48 48 48 49 48 29 30 30 31 51 30 40 37 30 29 28 
 80cm 21 39 39 39 37 37 38 38 38 39 39 39 39 40 40 40 40 42 41 41 40 40 43 41 41 43 42 43 42 42 47 47 47 47 46 46 45 48 48 49 49 49 44 23 26 28 53 25 52 51 26 24 23 
 90cm                                47 47 47 47 46 46 45 46 47 47 48 47 46 48 49 50 51 51 50 49 50 48 48 
 100cm                                45 45 45 45 45 45 45 44 45 45 46 45 45 47 47 47 48 48 48 46 47 45 45 
Total SWC 133 294 289 278 273 268 285 280 279 312 299 290 290 281 265 262 267 263 243 242 227 223 239 216 319 314 284 282 268 267 384 372 436 436 434 439 337 453 394 392 384 353 318 306 285 314 356 280 350 320 285 267 266 
∆S  -161 5 11 6 5 -17 5 1 -33 13 9 0 9 16 3 -5 3 20 0 15 4 -16 23 -104 5 30 3 14 1 -117 13 -64 0 2 -5 102 -116 59 2 8 31 35 12 21 -29 -42 77 -70 30 35 18 1 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  84 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0 0 110 0 0 0 0 0 0 0 0 38 0 44 0 0 0 0 
ET  0 7 14 8 12 11 8 5 32 25 13 28 13 24 7 0 5 21 24 27 16 25 23 50 21 314 4 34 34 3 14 0 9 38 22 111 0 64 4 13 33 36 15 21 1 0 81 0 35 50 18 7 
Ave. ET/day   0 1 2 1 2 1 1 1 4 5 2 3 2 3 2 0 1 3 3 4 2 2 3 8 3 6 1 2 1 0 2 0 1 6 3 10 0 9 1 2 4 6 2 3 0 0 11 0 4 6 3 1 
ΣET  0 7 21 29 41 52 60 66 98 122 135 163 176 199 206 206 211 232 255 282 298 323 346 50 71 385 388 423 457 460 14 14 22 60 82 193 193 257 261 274 307 342 357 378 379 379 460 460 495 545 563 570 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: BIIIK73 Crop performance In situ measurements 


































































































































































































































































































































































































































































































































































    








          









      




  - - - 50-100 - 73 B 
100-
200 
5.3 6.4 188 65.1 - - - - - - - - - - - - - - - - 54 10 6 4 6 8 47 12 41 33 15 21 30 36 Clay loam 
 2014 Wheat   2875.9 5.0 12.0 100-150 - 73 C 
200-
300 
5.3 6.5 206 70.8 - - - - - - - - - - - - - - - - 48 11 5 3 4 5 58 10 32 28 18 17 37 35 Clay loam 
               150-200 - 73 D 
300-
450 
5.4 6.7 298 79.1 - - - - - - - - - - - - - - - - 38 14 6 2 2 3 75 7 18 26 5 13 56 17 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-19. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WMcWMc sequence under NT. 
 
Table A-20. Individual soil water balance data for the first replicate site of the WMcWMc sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 48                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 10 16 14 13 12 13 20 12 9 21 18 10 16 9 8 8 16 8 6 7 6 6 10 7 40 27 15 12 10 7 20 18 30 27 29 30 29 27 24 23 21 17 16 26 14 29 21 14 28 18 21 13 13 
 20cm 15 23 19 18 16 18 25 16 13 26 22 13 16 11 10 9 16 10 8 9 8 8 13 10 45 27 20 17 14 13 14 13 24 21 23 25 23 20 16 15 14 12 10 10 10 17 13 10 16 12 11 10 9 
 30cm 14 22 21 19 19 22 29 19 16 28 23 16 15 13 12 11 12 12 10 11 10 10 14 12 45 29 22 20 17 16 10 10 18 16 17 18 17 15 12 11 10 9 7 7 7 7 8 7 8 8 7 7 7 
 40cm 11 16 15 15 14 16 20 14 12 20 16 12 10 10 9 9 8 9 7 8 7 7 9 8 46 22 18 17 14 13 5 6 10 9 10 10 10 9 8 6 6 5 5 5 5 4 5 5 4 4 4 4 4 
 50cm 10 13 13 12 11 12 15 13 11 33 15 10 9 9 8 8 7 7 7 6 6 6 7 7 45 21 16 15 14 12 8 9 17 15 16 17 16 15 13 12 10 10 8 8 8 8 8 8 7 7 7 7 7 
 60cm 13 16 16 15 14 15 18 16 14 45 19 13 11 11 11 10 9 10 9 8 9 7 9 9 43 40 23 22 21 16 6 7 12 11 12 12 12 11 10 9 8 7 6 6 6 6 6 6 6 5 5 5 5 
 70cm 15 17 17 16 16 16 19 18 17 43 22 18 14 14 13 12 11 12 11 11 10 10 11 10 41 41 24 23 22 19 6 6 10 10 10 10 10 9 9 7 7 6 5 6 5 5 5 6 5 5 5 4 4 
 80cm 6 8 7 7 7 7 8 7 7 45 13 10 8 7 7 6 6 6 6 6 5 5 6 6 43 42 15 14 13 13 4 4 6 6 6 6 5 5 5 5 4 4 3 4 4 4 4 4 4 3 3 3 3 
 90cm 6 8 7 7 7 7 8 8 8 45 44 17 12 10 9 9 8 9 8 8 8 8 9 8 43 41 25 22 20 17 3 4 5 5 5 38 9 7 7 6 5 5 4 4 4 4 4 4 4 4 4 4 3 
 100cm 7 25 15 15 15 15 16 16 15 44 44 31 16 14 12 11 11 12 11 11 10 10 11 10 42 42 43 25 22 22 11 12 18 17 36 37 37 19 18 17 16 13 12 12 12 12 12 12 12 11 10 10 10 
Total SWC 107 165 145 139 132 142 179 139 123 350 237 150 127 108 99 93 105 94 83 85 80 78 99 86 432 331 221 188 167 147 88 89 149 138 163 203 167 136 122 112 100 87 78 89 75 96 85 76 94 77 77 67 64 
∆S  -58 19 6 7 -10 -36 40 16 -227 113 87 23 19 10 6 -12 11 10 -2 5 3 -22 13 -346 101 110 33 21 20 59 -1 -60 11 -25 -41 36 31 14 10 12 13 9 -12 14 -21 11 9 -18 17 0 10 3 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  0 0 0 0 3 9 0 0 163 0 0 0 0 0 0 11 0 0 0 0 0 0 0 192 0 0 0 0 0 0 0 15 0 0 14 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 
ET  19 21 9 10 0 0 43 21 0 125 91 51 22 17 9 0 13 11 21 16 14 19 13 0 117 394 34 41 54 179 0 0 19 11 0 45 37 18 13 17 15 10 0 14 9 15 13 8 22 15 10 8 
Ave. ET/day   1 3 2 2 0 0 5 3 0 26 13 6 3 2 3 0 2 2 3 2 2 2 2 0 15 7 5 3 1 3 0 0 2 2 0 4 3 3 2 3 2 2 0 2 2 2 2 1 3 2 1 1 
ΣET  19 40 50 59 59 59 102 123 123 248 339 390 412 430 439 439 452 463 484 500 514 534 547 0 117 511 545 586 640 819 0 0 20 31 31 76 113 131 144 161 176 186 186 200 209 224 238 246 268 283 293 301 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: BIN48 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      




  - - - 50-100 1430.8 48 B 
100-
200 
5.3 6.0 162 79.9 0.53 0.47 0.38 0.33 0.22 0.24 0.16 0.18 0.14 0.16 0.10 0.14 0.08 0.12 0.05 0.04 54 7 6 6 10 10 33 16 51 40 18 22 19 40 Loam 
 2014 Wheat   3630.5 12.0 15.1 100-150 1514.3 48 C 
200-
300 
5.5 6.4 133 78.0 0.47 0.45 0.38 0.31 0.25 0.23 0.17 0.17 0.14 0.15 0.10 0.13 0.08 0.11 0.05 0.04 67 11 9 7 9 9 44 16 40 45 10 28 17 38 Loam 
               150-200 1530.0 48 D 
300-
450 
5.6 6.6 108 51.0 0.48 0.45 0.38 0.32 0.26 0.22 0.19 0.16 0.16 0.14 0.10 0.12 0.07 0.11 0.05 0.04 70 11 10 8 8 7 48 18 34 44 13 29 14 42 Loam 
               200-250 1579.5                                                                             
               250-300 1614.0                                                                             




Table A-21. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WMcWMc sequence under 
NT. 
 
Table A-22. Individual soil water balance data for the second replicate site of the WMcWMc sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 60                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 4 12 9 10 9 11 17 11 6 16 20 14 18 9 7 8 21 6 4 7 6 10 10 3 17 19 8 5 6 3 16 16 23 19 21 21 20 19 15 14 14 11 12 20 10 21 14 9 19 12 15 10 9 
 20cm 19 32 28 26 25 29 35 27 23 35 35 24 31 20 16 15 22 15 12 18 16 15 24 19 32 34 27 22 22 15 13 14 22 18 19 19 18 17 13 13 12 10 11 16 9 20 12 9 18 11 15 10 10 
 30cm 15 25 23 22 21 24 30 23 22 30 28 21 22 18 15 13 12 12 11 15 13 13 17 15 28 29 25 22 21 16 10 12 18 16 15 17 16 14 12 11 10 9 8 9 7 11 9 8 14 9 12 9 8 
 40cm 13 24 23 21 20 23 28 23 23 29 26 22 20 18 15 14 13 12 10 11 11 11 13 12 27 29 25 22 21 16 10 13 17 16 15 16 15 14 12 11 10 9 8 8 8 8 8 7 10 8 9 8 7 
 50cm 11 20 20 19 18 20 24 21 20 26 23 21 17 16 14 13 12 12 10 10 10 10 10 10 25 26 24 20 18 14 11 13 17 16 15 17 15 15 13 12 11 10 8 9 8 8 8 8 8 7 7 7 7 
 60cm 5 7 7 7 9 6 7 7 7 10 9 9 8 8 6 6 6 6 5 5 5 5 5 5 15 12 11 10 9 7 12 14 17 16 16 23 14 14 13 12 10 9 8 9 8 8 8 8 7 6 7 7 6 
 70cm 6 7 8 7 8 7 7 7 7 16 10 11 10 11 9 9 8 8 6 7 6 7 7 7 44 15 13 12 12 9 12 13 16 16 16 38 11 11 11 10 9 8 7 7 7 7 7 7 6 5 6 6 5 
 80cm 4 5 5 5 5 5 6 5 5 45 7 8 8 9 8 7 7 7 6 6 6 6 6 5 44 10 9 9 9 7 10 10 13 12 38 38 37 11 10 10 9 8 8 8 7 8 7 7 7 6 6 6 6 
 90cm 14 24 22 21 21 21 23 21 22 42 29 26 27 27 25 25 23 22 20 21 20 20 20 18 42 28 28 28 27 22 6 6 7 8 38 38 37 20 20 20 19 17 15 15 14 14 14 14 13 13 12 12 12 
 100cm 16 40 24 24 24 24 24 24 23 41 40 24 25 25 24 23 23 22 19 19 19 19 20 20 41 27 25 25 24 21 6 7 37 37 36 36 36 20 20 19 19 17 15 16 14 14 14 14 13 13 12 12 12 
Total SWC 108 195 168 162 158 169 202 170 158 291 225 180 186 159 139 133 146 122 103 118 111 116 134 115 316 228 195 175 169 131 106 117 187 172 228 262 219 155 140 132 123 108 100 118 92 120 102 92 116 89 101 87 82 
∆S  -88 27 7 3 -10 -33 32 12 -133 66 44 -5 26 20 6 -13 24 19 -15 7 -5 -18 19 -201 88 34 20 6 38 24 -11 -70 16 -57 -34 43 63 15 8 9 15 8 -18 26 -28 18 10 -24 27 -12 14 5 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  11 0 0 0 3 5 0 0 69 0 0 0 0 0 0 12 0 0 0 0 0 0 0 48 0 0 0 0 0 0 9 25 0 21 7 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 
ET  0 29 10 6 0 0 35 17 0 78 48 22 30 28 10 0 25 19 8 18 7 23 19 0 104 318 21 27 72 144 0 0 24 0 0 53 69 19 10 15 16 9 0 26 3 22 14 2 32 3 14 11 
Ave. ET/day   0 4 2 1 0 0 4 3 0 16 7 2 4 4 3 0 4 3 1 3 1 2 2 0 13 6 3 2 2 2 0 0 3 0 0 5 6 3 1 2 2 2 0 4 0 3 2 0 4 0 2 2 
ΣET  0 29 39 45 45 45 80 97 97 175 223 246 276 304 314 314 339 358 367 385 392 415 434 0 104 422 442 469 541 685 0 0 24 24 24 77 146 165 175 190 206 215 215 241 244 266 280 282 314 317 331 342 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: BIIN60 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      




  - - - 50-100 - 60 B 
100-
200 
5.1 5.9 118 79.2 - - - - - - - - - - - - - - - - 66 12 9 7 8 8 48 16 36 43 21 19 17 39 Loam 
 2014 Wheat   2526.4 7.4 10.5 100-150 - 60 C 
200-
300 
5.1 6.1 94 69.1 - - - - - - - - - - - - - - - - 70 15 9 7 7 7 54 15 31 45 19 21 15 40 Loam 
               150-200 - 60 D 
300-
450 
5.2 6.3 80 60.4 - - - - - - - - - - - - - - - - 69 11 8 6 6 6 53 16 31 36 14 34 16 48 Loam 
               200-250 -                                                                             
               250-300 -                                                                             




Table A-23. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WMcWMc sequence under NT. 
 
Table A-24. Individual soil water balance data for the third replicate site of the WMcWMc sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 74                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 19 29 25 23 22 22 29 22 18 37 35 20 25 13 12 12 26 10 8 10 9 10 14 9 31 27 15 13 14 9 38 26 37 30 34 36 34 33 28 27 24 18 21 32 17 32 29 18 31 25 26 15 17 
 20cm 27 32 31 30 31 31 34 30 28 34 35 30 33 24 20 19 20 19 16 17 17 17 22 19 33 32 30 28 27 21 41 22 29 27 34 40 32 29 24 22 21 17 16 22 17 28 23 19 26 21 22 18 17 
 30cm 20 31 29 24 25 25 30 24 24 40 40 29 38 25 18 17 14 16 14 14 13 14 17 15 38 36 29 27 27 22 47 10 15 24 46 46 45 22 12 10 8 6 5 6 5 8 7 6 8 7 7 6 6 
 40cm 22 43 43 32 34 34 42 33 31 44 44 38 43 34 33 30 25 27 26 24 24 27 28 24 45 44 40 37 38 29 49 31 48 48 47 47 46 46 46 33 33 31 28 29 27 33 30 27 32 29 29 28 27 
 50cm 21 43 43 42 43 43 42 42 41 42 42 42 42 41 38 35 34 38 39 37 35 37 38 36 44 44 42 44 44 38 49 48 48 48 47 47 47 47 47 47 48 46 46 47 47 49 48 47 47 46 46 45 44 
 60cm 19 43 44 43 43 44 42 43 42 43 43 42 42 41 41 38 33 38 37 36 35 36 36 35 45 45 43 45 45 39 49 48 49 48 48 48 47 48 47 48 48 48 47 49 49 49 50 47 47 46 46 45 44 
 70cm 17 43 43 42 44 44 43 43 44 44 44 44 44 44 44 44 43 46 24 27 26 24 25 26 46 45 46 48 47 28 48 48 48 48 47 47 47 47 47 47 48 48 47 48 48 48 50 47 45 45 45 44 43 
 80cm 17 42 42 42 43 43 44 42 43 43 43 43 44 43 43 43 44 45 28 30 28 26 27 30 45 44 45 46 46 47 48 47 47 47 46 47 46 46 46 46 47 46 46 47 47 46 47 45 44 43 42 41 41 
 90cm                                48 48 48 48 47 48 48 47 47 48 49 48 47 49 49 33 39 25 48 30 23 22 22 
 100cm                                45 45 46 45 45 45 45 44 45 45 46 45 44 46 46 46 48 46 46 45 45 44 44 
Total SWC 161 306 301 278 285 286 307 279 272 328 326 289 311 265 249 238 239 240 189 195 188 192 208 194 328 317 290 288 287 233 464 372 416 413 441 451 437 409 389 372 371 352 346 375 351 372 371 326 375 336 331 310 304 
∆S  -145 6 22 -7 -1 -21 28 7 -56 2 37 -22 46 16 11 -1 -1 50 -6 8 -4 -16 14 -134 11 27 2 1 55 -232 92 -44 2 -28 -10 13 28 20 17 1 19 6 -29 24 -21 1 45 -49 39 5 20 6 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  68 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 112 0 0 0 0 0 0 0 0 0 0 0 0 27 0 0 0 0 22 0 0 0 0 
ET  0 8 26 0 6 7 31 12 9 14 41 5 50 24 14 0 1 50 17 19 7 25 14 20 26 311 3 21 88 0 94 2 11 8 17 23 34 24 19 7 21 6 0 24 9 5 49 0 44 20 20 12 
Ave. ET/day   0 1 4 0 1 1 4 2 1 3 6 1 7 3 5 0 0 7 2 3 1 2 2 3 3 6 0 1 2 0 12 0 1 1 3 2 3 3 3 1 3 1 0 3 2 1 7 0 6 3 3 2 
ΣET  0 8 33 33 40 46 78 89 99 112 153 159 208 232 247 247 248 298 316 335 342 367 381 20 46 357 360 381 470 470 94 95 106 114 131 154 188 212 231 238 259 265 265 289 299 304 353 353 397 417 437 449 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: BIIIN74 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      




  - - - 50-100 - 74 B 
100-
200 
5.3 6.3 228 66.8 - - - - - - - - - - - - - - - - 40 7 4 4 6 7 38 14 48 29 14 22 35 37 Clay loam 
 2014 Wheat   3069.7 6.8 12.8 100-150 - 74 C 
200-
300 
5.6 6.9 226 74.6 - - - - - - - - - - - - - - - - 31 8 4 3 4 4 52 12 36 22 11 16 52 27 Clay  
               150-200 - 74 D 
300-
450 
6.2 7.6 289 81.2 - - - - - - - - - - - - - - - - 27 4 1 1 1 2 61 9 30 9 10 19 61 29 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-25. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the McWMcW sequence under CT. 
 
Table A-26. Individual soil water balance data for the first replicate site of the McWMcW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 43                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 2 4 2 3 2 3 8 4 3 8 8 7 6 4 4 4 9 3 1 2 1 4 2 1 6 6 4 3 2 2 16 16 27 25 26 27 26 24 18 18 16 14 18 28 15 28 19 14 28 23 24 17 17 
 20cm 14 28 22 18 17 18 31 20 16 32 32 24 30 21 17 15 23 15 11 12 10 10 19 14 33 31 31 25 21 18 14 14 25 23 24 26 25 20 16 15 13 12 12 23 13 25 16 13 26 20 23 17 15 
 30cm 13 25 21 18 17 17 23 18 15 28 27 23 25 19 16 15 14 14 12 12 10 10 15 14 38 34 30 27 22 21 12 13 20 19 20 22 22 19 16 14 12 11 10 16 12 16 13 11 21 17 18 15 13 
 40cm 10 21 20 17 16 15 16 14 13 41 32 24 23 20 15 14 13 13 11 11 10 10 12 12 43 36 30 27 23 20 15 15 22 21 24 33 23 17 15 13 12 10 10 10 10 10 10 10 17 14 13 13 12 
 50cm 10 22 21 19 18 17 16 15 14 45 45 27 25 23 17 15 14 14 12 11 11 10 12 12 42 42 35 29 23 20 11 11 14 15 39 42 42 12 12 11 10 10 9 8 9 8 9 9 13 10 10 9 9 
 60cm 8 20 18 17 16 16 15 14 13 45 46 27 23 21 17 14 12 12 10 9 9 8 10 10 43 43 45 43 22 21 16 17 21 20 41 40 40 39 31 29 24 22 21 20 19 18 18 17 23 20 19 19 19 
 70cm 10 29 24 23 22 22 21 20 19 43 44 42 29 27 25 23 18 16 13 12 12 11 13 12 40 39 43 42 29 26 16 17 23 39 39 39 39 38 37 29 26 25 23 22 20 19 19 18 19 19 18 19 18 
 80cm 11 42 35 32 31 30 29 28 27 43 43 42 42 34 32 31 28 25 18 17 16 15 17 17 41 41 42 42 34 31 15 17 37 37 38 38 38 37 38 31 27 26 25 24 22 21 20 19 19 19 19 19 19 
 90cm 15 41 41 37 33 31 30 29 28 42 42 41 41 42 34 32 30 30 24 22 20 19 21 20 41 41 41 41 40 34 19 20 38 38 38 38 39 38 38 38 32 32 30 30 28 27 26 24 24 24 23 24 24 
 100cm 18 43 42 42 39 36 35 35 33 43 43 43 42 43 42 38 36 37 34 32 30 27 29 29 43 43 43 43 43 34 21 23 38 39 39 39 40 39 40 40 34 33 33 33 32 31 30 28 28 27 27 27 27 
Total SWC 112 273 246 228 210 206 223 197 180 369 360 301 285 252 219 200 197 179 145 139 129 126 150 139 370 358 345 321 258 227 155 163 265 275 329 344 333 283 262 237 207 196 191 214 179 203 180 165 218 194 196 180 174 
∆S  -161 27 18 18 5 -18 27 16 -189 9 59 15 33 34 18 4 18 33 6 11 3 -24 11 -230 12 13 23 63 32 72 -8 -102 -10 -54 -15 11 50 21 25 31 11 5 -23 34 -23 23 15 -54 24 -1 16 5 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  85 0 0 0 0 0 0 0 124 0 0 0 0 0 0 0 0 0 0 0 0 0 0 77 0 0 0 0 0 0 7 57 2 18 0 0 0 0 0 0 0 0 20 0 0 0 0 27 0 0 0 0 
ET  0 29 21 21 12 10 30 21 0 21 63 43 37 41 22 5 19 34 29 22 14 17 11 0 28 298 24 83 65 192 0 0 0 0 12 21 55 25 27 36 13 5 0 34 7 27 19 0 29 14 16 11 
Ave. ET/day   0 4 3 4 2 1 4 3 0 4 9 5 5 6 7 1 3 5 4 3 2 2 1 0 3 5 8 5 2 3 0 0 0 0 2 2 5 4 4 5 2 1 0 5 1 4 3 0 4 2 2 2 
ΣET  0 29 50 71 82 92 122 143 143 165 228 270 307 349 371 376 395 429 458 480 494 511 522 0 28 325 349 433 498 690 0 0 0 0 12 32 88 112 140 176 188 194 194 228 235 262 282 282 311 325 341 351 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: CIK43 Crop performance In situ measurements 














































































































































































































































































































































































































































































































































































          

































47 10 25 18 35 Loam 
 2013 Wheat   3813.4 7.3 11.2 50-100 1349.5 43 B 
100-
200 




  - - - 100-150 1413.3 43 C 
200-
300 
5.6 6.6 111 73.2 0.46 0.45 0.34 0.30 0.21 0.22 0.16 0.17 0.13 0.15 0.10 0.13 0.08 0.11 0.05 0.04 67 16 10 8 9 7 52 16 31 50 9 25 16 34 Loam 
               150-200 1465.3 43 D 
300-
450 
5.6 6.9 95 68.8 0.46 0.43 0.31 0.30 0.20 0.21 0.15 0.15 0.13 0.13 0.09 0.11 0.07 0.10 0.05 0.04 69 16 11 9 8 7 54 18 29 51 14 23 12 37 Loam 
               200-250 1520.3                                                                             
               250-300 1570.0                                                                             




Table A-27. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the McWMcW sequence under 
CT. 
 
Table A-28. Individual soil water balance data for the second replicate site of the McWMcW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 63                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 9 24 19 16 15 20 29 22 20 29 30 25 28 22 18 14 21 13 9 11 8 24 15 8 31 27 18 14 16 14 23 21 29 26 28 29 29 28 26 27 25 20 18 26 15 29 20 13 28 25 27 21 21 
 20cm 18 35 31 27 26 32 37 32 29 38 37 33 36 30 24 21 18 18 14 16 13 27 22 15 41 33 29 25 26 25 19 17 27 25 27 30 28 26 24 24 23 18 16 16 15 21 18 13 22 19 24 20 18 
 30cm 12 25 23 21 20 23 30 25 23 30 29 25 27 22 19 17 15 15 12 12 11 12 14 12 43 27 25 22 22 22 16 16 24 22 23 25 22 20 20 20 19 16 14 13 13 12 14 11 15 14 18 16 14 
 40cm 10 23 22 22 21 26 33 27 26 32 30 28 29 24 21 20 18 17 14 13 12 13 13 13 42 29 29 27 26 24 15 16 23 21 22 24 22 20 20 20 19 17 15 14 13 13 13 12 12 12 13 13 13 
 50cm 9 24 25 25 25 29 35 30 29 42 33 32 32 29 24 23 22 21 17 16 15 15 15 15 41 34 34 33 31 29 14 15 21 20 21 22 20 19 19 19 18 17 15 15 14 14 14 12 12 11 11 12 11 
 60cm 7 22 23 22 22 24 28 26 25 44 29 29 28 27 22 21 20 19 16 15 14 14 14 14 39 32 33 33 32 30 13 13 17 16 17 17 16 16 16 16 16 16 15 15 14 13 14 12 12 11 10 11 11 
 70cm 8 25 26 25 25 27 31 28 28 43 32 30 29 28 23 21 20 20 17 16 15 14 14 15 40 35 33 33 32 31 13 13 17 16 22 36 13 12 12 12 12 12 12 12 11 11 12 11 10 9 9 9 9 
 80cm 7 36 30 29 29 29 31 30 29 42 37 32 31 31 26 24 23 22 20 19 17 17 16 16 39 36 34 33 33 32 8 9 12 12 41 42 22 9 9 9 9 9 9 10 9 9 10 8 8 7 7 7 7 
 90cm 7 41 26 24 24 24 25 24 24 42 41 25 25 25 23 21 20 20 18 17 16 16 16 15 40 37 29 29 28 28 14 15 23 23 41 39 38 32 32 32 32 31 31 32 29 28 29 26 25 24 24 24 23 
 100cm 10 42 37 35 34 33 36 34 33 42 42 36 35 35 34 32 31 29 26 25 24 24 24 23 41 41 38 37 37 37 16 17 28 24 41 41 39 33 33 32 32 32 31 33 31 30 31 28 28 27 26 26 25 
Total SWC 95 298 261 247 241 266 316 277 265 384 340 296 301 272 233 214 209 194 163 159 145 176 164 145 397 333 301 286 284 272 151 154 223 205 284 303 248 215 211 210 205 187 175 187 164 181 175 147 171 159 169 160 151 
∆S  -203 36 15 6 -25 -50 39 12 -119 44 44 -5 29 39 19 5 15 31 4 14 -31 12 19 -252 64 32 16 2 12 121 -3 -69 18 -79 -20 55 33 5 1 5 17 12 -11 23 -16 6 28 -24 11 -10 9 9 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  126 0 0 0 18 22 0 0 54 0 0 0 0 0 0 0 0 0 0 0 19 0 0 98 0 0 0 0 0 0 2 24 0 43 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 
ET  0 38 18 9 0 0 42 17 0 56 48 23 33 47 22 6 17 31 27 25 0 53 19 0 80 316 17 22 45 242 0 0 26 0 7 65 38 9 3 11 19 13 0 23 14 10 32 2 16 5 9 14 
Ave. ET/day   0 5 3 1 0 0 5 2 0 11 7 2 5 7 7 2 3 5 3 4 0 5 2 0 10 6 2 1 1 4 0 0 3 0 1 6 4 1 0 2 2 2 0 3 2 1 5 0 2 1 1 2 
ΣET  0 38 56 65 65 65 107 124 124 180 228 251 283 330 352 359 376 406 434 459 459 512 530 0 80 396 413 435 480 722 0 0 26 26 33 98 136 145 148 159 178 191 191 213 227 237 269 271 288 293 303 317 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: CIIK63 Crop performance In situ measurements 














































































































































































































































































































































































































































































































































































          
63 A 0-100 5.6 6.2 248 89.7 0.59 0.46 0.47 0.32 0.25 0.24 0.21 0.18 0.18 0.16 0.14 0.14 0.16 0.12 0.05 0.04 58 
 









      
44 12 24 19 36 Loam 
 2013 Wheat   3247.2 6.1 9.5 50-100 - 63 B 
100-
200 
5.2 6.0 169 85.0 0.54 0.46 0.39 0.31 0.21 0.23 0.17 0.18 0.14 0.15 0.12 0.14 0.14 0.12 0.05 0.04 64 
 




  - - - 100-150 - 63 C 
200-
300 
5.3 6.1 117 78.0 0.54 0.45 0.41 0.30 0.23 0.22 0.19 0.17 0.16 0.15 0.12 0.13 0.14 0.11 0.05 0.04 73 
 
28 8 8 7 56 15 29 50 10 24 16 34 Loam 
               150-200 - 63 D 
300-
450 
5.2 6.3 84 66.2 0.54 0.44 0.41 0.31 0.27 0.22 0.21 0.16 0.18 0.14 0.13 0.12 0.15 0.10 0.04 0.04 74 
 
24 8 8 7 51 17 32 47 12 28 13 40 Loam 
               200-250 -                                                                             
               250-300 -                                                                             




Table A-29. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the McWMcW sequence under CT. 
 
Table A-30. Individual soil water balance data for the third replicate site of the McWMcW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 81                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 5 9 5 5 3 7 13 7 6 17 16 15 14 8 6 5 15 3 2 3 2 6 5 2 23 18 17 9 9 5 9 8 20 15 19 20 22 23 19 18 16 12 14 23 10 26 15 8 23 18 17 11 12 
 20cm 16 31 25 21 20 24 33 24 20 39 36 31 32 23 18 16 26 14 12 12 11 12 20 14 39 34 33 24 23 17 15 14 30 27 28 30 30 29 28 26 24 18 16 19 15 31 21 14 30 22 27 20 18 
 30cm 17 32 29 26 25 26 33 26 23 40 38 33 31 25 20 19 18 17 15 15 14 14 19 17 39 38 36 31 30 24 17 18 30 29 29 31 33 33 32 30 28 22 19 19 18 28 22 17 27 22 24 21 19 
 40cm 14 36 34 33 32 32 33 32 30 43 44 38 35 32 26 24 22 21 18 18 17 17 19 19 43 42 42 38 37 33 16 17 24 23 23 32 15 14 13 13 13 13 12 11 10 10 10 9 10 8 9 8 8 
 50cm 14 40 39 38 38 38 40 39 39 44 43 41 40 40 37 35 32 31 26 26 24 24 26 26 45 44 46 44 43 43 16 17 22 21 21 41 40 28 28 27 27 28 27 28 26 25 24 23 22 20 19 19 19 
 60cm 10 29 28 27 27 27 29 28 28 33 33 32 30 30 29 28 27 25 22 20 20 19 21 21 43 42 44 39 38 37 18 19 25 24 24 42 41 32 30 30 30 30 29 32 30 31 30 28 28 24 23 23 22 
 70cm 9 23 22 22 22 21 22 23 23 45 45 31 30 29 29 28 27 26 23 22 22 21 22 21 40 39 41 37 36 35 20 21 27 26 28 44 44 41 38 37 37 36 36 38 36 38 37 35 34 31 31 30 30 
 80cm 19 37 36 36 35 35 36 36 37 46 45 43 40 39 39 38 38 38 34 33 32 31 33 32 46 45 45 43 42 41 20 20 26 25 27 43 42 42 34 32 32 31 30 32 33 34 33 33 31 27 27 26 26 
 90cm 18 33 31 31 31 31 31 31 32 45 45 42 37 36 36 35 35 35 33 32 31 31 32 31 46 45 46 39 37 36 20 20 26 26 30 41 42 42 26 24 24 23 22 24 25 28 28 27 24 20 20 20 19 
 100cm 15 26 26 25 25 25 25 25 26 44 44 44 34 33 32 32 32 31 31 30 29 29 30 29 46 45 46 37 34 33 17 17 19 20 35 39 39 39 36 32 31 29 29 30 29 31 32 32 29 27 27 26 25 
Total SWC 137 295 275 264 257 268 294 269 265 397 388 350 322 297 272 259 272 242 215 212 201 205 228 211 411 393 393 340 329 305 168 172 249 235 265 362 348 321 284 269 261 241 234 255 232 283 251 227 257 219 225 204 199 
∆S  -158 20 11 7 -11 -27 25 5 -132 9 38 28 26 25 12 -12 30 27 3 10 -4 -23 17 -200 18 0 53 11 24 138 -4 -77 14 -29 -98 14 26 37 15 9 19 7 -20 22 -50 32 25 -31 38 -6 20 6 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  82 0 0 0 3 0 0 0 67 0 0 0 0 0 0 11 0 0 0 0 0 0 0 46 0 0 0 0 0 0 3 31 0 0 71 0 0 0 0 0 0 0 18 0 20 0 0 4 0 0 0 0 
ET  0 22 14 10 0 1 28 10 0 20 42 56 29 33 16 0 32 27 26 22 8 18 17 0 34 284 54 31 58 258 0 0 22 6 0 24 32 41 17 14 21 8 0 22 0 36 29 0 43 9 20 11 
Ave. ET/day   0 3 2 2 0 0 4 1 0 4 6 6 4 5 5 0 5 4 3 3 1 2 2 0 4 5 8 2 1 4 0 0 3 1 0 2 3 6 2 2 3 1 0 3 0 5 4 0 5 1 3 2 
ΣET  0 22 36 46 46 47 75 85 85 105 147 203 232 265 281 281 312 340 366 387 395 413 431 0 34 318 372 403 461 718 0 0 22 28 28 52 84 126 143 157 178 186 186 208 208 244 272 272 316 325 345 357 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: CIIIK81 Crop performance In situ measurements 













































































































































































































































































































































































































































































































































































          









      
27 24 21 28 45 Clay loam 
 2013 Wheat   3756.3 8.7 11.0 50-100 - 81 B 
100-
200 




  - - - 100-150 - 81 C 
200-
300 
5.1 6.4 103 83.5 - - - - - - - - - - - - - - - - 41 5 3 2 3 4 48 11 41 18 31 14 36 45 
Silty clay 
loam 
               150-200 - 81 D 
300-
450 
5.4 6.6 127 88.9 - - - - - - - - - - - - - - - - 38 6 4 3 3 5 50 12 37 20 22 16 41 39 Clay 
               200-250 -                                                                             
               250-300 -                                                                             




Table A-31. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the McWMcW sequence under NT. 
 
Table A-32. Individual soil water balance data for the first replicate site of the McWMcW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 44                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 5 8 6 7 3 6 13 9 8 14 13 12 11 7 8 7 14 5 3 4 3 7 6 3 16 16 10 7 4 4 6 6 11 6 8 9 10 11 7 6 6 3 4 9 3 8 5 3 8 7 5 3 4 
 20cm 16 18 17 15 13 15 20 16 14 21 20 16 19 14 13 12 13 11 9 10 9 10 14 12 34 24 23 21 18 19 26 24 30 29 30 31 30 29 25 23 20 16 17 26 16 29 21 15 30 26 28 24 23 
 30cm 6 6 6 5 5 5 6 5 5 8 6 6 6 5 4 4 4 4 3 3 3 3 5 4 48 28 8 7 10 11 18 17 24 22 23 24 23 21 19 17 15 13 12 14 12 18 15 12 23 19 22 19 17 
 40cm 3 4 4 3 3 3 4 4 3 48 7 5 4 3 3 3 3 3 2 2 2 2 3 3 48 47 7 6 9 8 9 10 12 12 12 13 13 11 11 11 10 9 8 8 8 8 8 8 13 11 12 11 10 
 50cm 5 6 5 5 5 5 6 5 5 48 47 7 7 6 5 5 5 5 4 4 4 4 5 5 47 47 34 13 11 12 14 15 18 17 18 30 9 7 6 7 6 6 5 5 5 5 5 5 5 5 5 5 4 
 60cm 5 5 5 5 5 5 5 5 5 48 48 11 8 8 7 6 6 6 5 5 5 5 6 6 47 47 47 46 13 13 18 19 24 23 40 41 39 27 25 23 22 20 18 17 16 15 15 15 14 14 14 14 14 
 70cm 5 12 9 8 9 8 8 8 8 46 46 46 21 17 15 13 12 12 11 11 10 10 11 11 44 44 44 44 21 23 18 19 24 21 39 40 40 39 34 32 30 29 27 25 24 22 22 20 19 19 19 19 19 
 80cm 6 45 12 10 11 10 10 10 9 46 45 46 40 14 13 11 9 9 8 8 8 8 8 8 45 45 44 44 15 15 18 19 25 39 38 39 39 38 38 33 31 30 28 27 26 24 24 22 21 20 20 20 20 
 90cm 5 45 44 19 17 16 16 16 15 45 44 45 46 34 20 19 16 15 13 13 12 12 13 13 45 44 44 44 23 20 19 20 36 39 38 39 39 38 39 35 30 29 28 27 27 25 24 23 22 21 21 21 21 
 100cm 9 45 46 45 30 21 21 21 20 44 44 45 45 45 37 28 25 22 19 18 17 16 17 17 45 45 45 44 45 26 17 17 36 37 37 38 38 36 37 37 27 26 24 25 24 23 22 22 21 20 20 20 19 
Total SWC 65 195 154 122 102 94 108 99 91 369 321 238 209 153 125 107 106 92 78 78 72 76 87 81 420 387 306 276 170 152 162 167 240 244 284 304 280 258 242 224 197 179 171 183 161 178 161 143 177 163 165 157 151 
∆S  -129 41 32 20 7 -14 10 7 -277 48 82 29 56 28 18 2 14 14 0 6 -4 -11 7 -339 33 81 30 106 18 -10 -5 -73 -4 -40 -20 24 22 16 18 27 17 9 -12 22 -17 17 18 -33 13 -2 9 6 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  53 0 0 0 0 0 0 0 213 0 0 0 0 0 0 0 0 0 0 0 0 0 0 185 0 0 0 0 0 0 4 27 0 5 0 0 0 0 0 0 0 0 9 0 0 0 0 7 0 0 0 0 
ET  0 43 35 23 14 14 13 12 0 60 86 57 60 36 21 3 16 14 23 17 7 30 7 0 48 366 31 126 52 110 0 0 4 0 7 34 27 20 21 33 19 10 0 22 13 21 22 0 18 13 9 12 
Ave. ET/day   0 5 6 4 2 2 2 2 0 12 12 6 9 5 7 1 2 2 3 2 1 3 1 0 6 7 4 8 1 2 0 0 0 0 1 3 2 3 3 5 2 2 0 3 2 3 3 0 2 2 1 2 
ΣET  0 43 77 101 115 129 142 154 154 214 300 357 417 453 474 477 492 507 530 547 554 585 591 0 48 414 445 571 623 733 0 0 4 4 10 45 72 92 112 145 164 173 173 195 209 229 251 251 270 283 292 303 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: CIN44 Crop performance In situ measurements 













































































































































































































































































































































































































































































































































































          
44 A 0-100 5.9 6.6 249 77.1 0.54 0.46 0.31 0.31 - 0.23 0.17 0.18 0.17 0.15 0.15 0.13 0.12 0.12 0.05 0.04 65 
 









      
46 17 35 18 35 Loam 
 2013 Wheat   4464.6 7.6 13.1 50-100 1394.5 44 B 
100-
200 
5.4 6.2 174 73.4 0.55 0.46 0.35 0.32 - 0.23 0.18 0.18 0.16 0.16 0.15 0.14 0.12 0.12 0.05 0.04 66 
 




  - - - 100-150 1469.8 44 C 
200-
300 
5.5 6.5 127 63.3 0.53 0.46 0.34 0.31 - 0.22 0.18 0.17 0.18 0.15 0.15 0.13 0.11 0.12 0.05 0.04 72 
 
18 9 10 7 40 20 40 44 15 35 17 35 Loam 
               150-200 1526.0 44 D 
300-
450 
5.6 6.6 123 64.3 0.50 0.44 0.35 0.30 - 0.21 0.19 0.16 0.19 0.14 0.16 0.12 0.09 0.10 0.05 0.04 74 
 
22 9 9 7 47 19 33 47 14 26 13 36 Loam 
               200-250 1580.7                                                                             
               250-300 1539.0                                                                             




Table A-33. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the McWMcW sequence under 
NT. 
 
Table A-34. Individual soil water balance data for the second replicate site of the McWMcW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 64                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 6 16 12 10 11 11 23 14 12 35 24 23 22 14 12 10 25 8 5 6 5 19 11 5 39 27 16 9 8 8 21 19 34 31 33 35 36 34 31 30 26 20 21 33 16 35 23 12 34 27 30 16 16 
 20cm 23 29 25 23 23 25 32 26 22 36 35 28 29 23 21 19 24 18 15 15 14 16 21 16 37 32 28 23 21 17 25 24 35 32 35 37 36 34 32 30 28 23 21 27 19 31 23 16 34 26 31 20 17 
 30cm 13 17 15 15 14 15 20 17 14 42 33 22 20 18 15 14 13 13 11 11 11 11 13 12 41 26 22 21 27 22 23 23 32 30 32 42 35 32 30 29 27 23 20 21 18 19 19 16 30 22 24 18 15 
 40cm 16 20 19 19 18 19 23 21 19 44 43 26 24 23 20 19 18 18 15 15 14 15 15 15 43 37 27 25 25 21 17 17 23 23 24 46 46 17 16 17 16 16 15 15 14 13 14 12 16 12 12 12 10 
 50cm 19 25 23 23 23 23 28 25 23 46 45 30 27 26 25 24 23 23 20 20 19 20 20 20 45 45 32 30 28 26 13 13 16 15 19 47 47 25 18 19 18 18 19 21 21 20 20 18 19 15 15 15 14 
 60cm 18 25 24 24 24 24 27 26 25 46 45 37 30 29 28 27 27 26 23 23 22 23 23 23 44 44 35 31 30 29 10 10 14 15 46 46 47 45 23 22 22 22 22 22 24 25 27 24 25 20 19 19 18 
 70cm 12 18 26 21 21 22 22 23 22 44 44 44 28 29 27 26 25 25 24 22 21 22 22 22 45 45 45 30 29 27 8 9 11 10 45 45 46 45 13 12 12 13 12 13 13 15 16 16 16 13 12 12 11 
 80cm 6 9 43 18 17 18 17 17 18 42 42 42 26 24 22 21 21 21 21 19 19 19 20 19 42 43 42 26 24 23 10 10 12 12 43 43 45 44 44 7 7 7 7 7 8 8 8 8 7 7 6 6 6 
 90cm 7 40 42 34 32 31 30 30 29 41 41 42 41 37 34 33 32 33 32 30 29 30 30 30 42 42 41 36 33 32 7 7 8 8 44 44 45 44 44 21 20 19 18 20 19 20 20 19 19 17 18 17 17 
 100cm 14 41 42 39 34 33 32 32 32 41 41 41 40 40 36 34 35 35 34 33 32 33 34 33 43 43 43 42 35 34 9 9 10 10 45 45 45 44 44 44 40 36 35 36 35 36 36 35 34 33 33 33 31 
Total SWC 135 241 272 227 217 222 254 232 217 417 392 336 287 262 237 226 242 218 201 195 187 208 208 193 423 384 332 275 260 240 144 142 195 186 366 430 427 366 295 231 217 196 191 216 187 222 207 176 235 193 200 168 157 
∆S  -105 -31 45 10 -6 -32 22 15 -199 24 57 49 25 24 11 -16 24 17 6 8 -21 0 15 -229 39 52 58 15 20 96 2 -53 9 -180 -64 3 61 71 64 14 20 6 -25 29 -35 14 31 -59 42 -7 32 11 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  28 29 0 0 0 4 0 0 134 0 0 0 0 0 0 15 0 0 0 0 9 0 0 76 0 0 0 0 0 0 0 8 0 144 37 0 0 0 0 0 0 0 22 0 5 0 0 32 0 0 0 0 
ET  0 0 48 13 1 0 25 20 0 36 61 77 29 32 15 0 26 17 29 20 0 41 15 0 54 336 59 35 53 216 3 0 17 0 0 12 67 75 67 20 22 6 0 29 0 19 35 0 47 8 32 17 
Ave. ET/day   0 0 8 2 0 0 3 3 0 7 9 8 4 5 5 0 4 3 4 3 0 4 2 0 7 6 8 2 1 4 0 0 2 0 0 1 6 11 9 3 3 1 0 4 0 3 5 0 6 1 5 2 
ΣET  0 0 48 61 63 63 88 107 107 143 204 281 309 342 356 356 382 399 429 448 448 489 504 0 54 390 449 484 537 754 3 3 20 20 20 33 100 174 241 261 282 289 289 318 318 336 371 371 419 427 459 475 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: CIIN64 Crop performance In situ measurements 













































































































































































































































































































































































































































































































































































          









      
29 18 25 28 43 Clay loam 
 2013 Wheat   3874.2 7.7 11.4 50-100 - 64 B 
100-
200 




  - - - 100-150 - 64 C 
200-
300 
5.0 6.2 141 70.0 - - - - - - - - - - - - - - - - 44 10 4 2 5 6 50 9 41 27 7 30 37 36 Clay loam 
               150-200 - 64 D 
300-
450 
5.8 7.4 147 64.8 - - - - - - - - - - - - - - - - 33 10 5 2 3 4 63 9 28 24 7 23 46 30 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-35. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the McWMcW sequence under NT. 
 
Table A-36. Individual soil water balance data for the third replicate site of the McWMcW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 82                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 3 11 8 9 10 10 17 14 13 37 22 23 23 17 13 11 22 9 5 7 6 9 12 6 41 27 24 10 12 2 21 20 32 29 30 33 32 31 28 27 24 16 17 30 13 31 16 11 29 16 20 10 11 
 20cm 20 33 28 24 24 27 33 29 26 41 36 33 33 26 20 18 20 17 13 14 13 14 21 16 39 37 35 21 23 12 18 18 28 28 29 34 31 29 28 27 25 17 15 20 14 23 16 12 24 15 20 13 12 
 30cm 10 16 14 11 12 13 18 13 12 46 19 14 14 11 8 8 8 7 6 6 6 6 8 7 44 43 20 15 15 8 19 19 30 29 26 41 21 19 18 18 17 12 11 11 10 10 10 9 13 11 13 9 9 
 40cm 13 30 26 26 26 28 27 27 27 47 45 29 28 24 19 17 15 14 11 11 10 10 13 12 44 43 36 34 33 16 21 22 28 21 34 41 39 35 34 33 33 25 21 19 18 17 17 17 17 15 15 15 15 
 50cm 22 40 39 36 37 37 39 37 36 49 48 38 35 34 29 26 23 21 17 16 15 15 18 17 49 49 43 41 40 26 18 17 24 34 44 45 43 36 35 35 36 30 27 25 23 22 21 20 19 18 17 17 16 
 60cm 27 42 41 41 41 42 43 41 42 50 50 43 42 42 40 38 36 33 29 28 27 26 30 29 52 51 52 46 45 30 19 20 39 38 44 45 46 37 37 37 38 35 33 33 31 31 30 28 27 26 25 25 25 
 70cm 19 35 33 32 32 32 38 32 33 41 42 36 34 34 33 33 32 30 27 26 25 25 29 28 44 44 45 39 38 30 17 20 35 34 43 44 45 35 35 35 36 35 32 32 29 30 30 28 27 26 26 26 25 
 80cm 18 32 32 31 31 31 34 31 32 43 43 39 34 34 34 33 33 32 29 28 28 28 31 31 44 44 45 39 37 27 10 12 30 30 45 46 46 34 33 32 33 34 30 29 24 26 25 24 23 22 22 21 21 
 90cm 20 36 36 35 35 36 38 35 36 44 44 43 38 38 38 38 39 37 34 34 33 33 36 35 45 45 46 43 41 33 9 10 31 29 42 43 43 42 31 30 30 32 31 29 25 27 25 24 24 22 22 22 22 
 100cm 21 36 36 35 36 36 38 35 36 43 43 42 39 38 38 37 38 37 34 34 33 33 36 35 45 44 46 44 40 32 12 14 37 33 41 42 42 42 34 33 33 33 34 34 30 32 30 29 28 27 27 27 27 
Total SWC 173 311 293 280 283 292 325 295 292 442 394 342 320 297 272 260 266 236 206 203 195 200 234 217 447 427 391 332 323 217 164 171 313 304 379 413 386 341 312 307 305 270 251 262 216 249 221 201 232 197 208 184 183 
∆S  -138 18 14 -3 -8 -34 31 2 -149 48 52 23 22 25 13 -6 30 30 3 9 -6 -33 17 -230 20 36 59 9 106 53 -7 -142 10 -76 -34 27 46 28 5 3 35 19 -11 45 -33 28 20 -32 35 -10 23 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  61 0 0 1 1 6 0 0 85 0 0 0 0 0 0 5 0 0 0 0 0 0 0 76 0 0 0 0 0 0 5 97 0 40 7 0 0 0 0 0 0 0 8 0 2 0 0 5 0 0 0 0 
ET  0 20 17 0 0 0 34 7 0 60 56 50 26 33 16 0 31 31 26 20 6 8 17 0 35 320 60 29 139 173 0 0 18 0 0 36 51 32 7 8 36 20 0 45 0 32 25 0 40 5 23 7 
Ave. ET/day   0 2 3 0 0 0 4 1 0 12 8 6 4 5 5 0 5 5 3 3 1 1 2 0 4 6 9 2 3 3 0 0 2 0 0 3 5 5 1 1 4 3 0 6 0 5 3 0 5 1 3 1 
ΣET  0 20 36 36 36 36 70 77 77 137 193 243 269 302 318 318 349 380 406 426 432 439 457 0 35 356 416 445 584 757 0 0 18 18 18 54 106 138 145 154 190 210 210 255 255 287 312 312 352 356 380 387 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: CIIIN82 Crop performance In situ measurements 













































































































































































































































































































































































































































































































































































          









      
32 33 12 23 45 Loam 
 2013 Wheat   2648.4 5.8 7.8 50-100 - 82 B 
100-
200 




  - - - 100-150 - 82 C 
200-
300 
5.3 6.3 113 74.8 - - - - - - - - - - - - - - - - 55 7 5 3 5 7 44 12 44 28 24 21 28 44 Clay loam 
               150-200 - 82 D 
300-
450 
5.4 6.7 133 87.3 - - - - - - - - - - - - - - - - 53 6 4 3 4 5 48 13 39 22 22 11 45 33 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-37. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WCWL sequence under CT. 
 
Table A-38. Individual soil water balance data for the first replicate site of the WCWL sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 49                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 13 18 14 13 13 17 25 19 17 26 25 20 25 19 16 15 23 14 10 10 8 8 18 13 24 22 0 0 0 0 19 18 32 28 31 31 30 26 21 19 17 15 19 30 13 31 20 13 29 17 21 12 11 
 20cm 13 21 18 17 17 19 26 19 18 27 26 21 25 20 17 15 19 15 10 10 9 8 17 14 30 23 21 20 18 7 15 14 28 24 26 26 25 21 17 15 13 11 11 21 10 25 15 10 24 12 13 10 9 
 30cm 3 7 6 6 5 6 8 7 6 9 9 9 10 8 7 6 6 6 4 4 3 3 5 4 16 10 23 22 19 12 13 13 22 20 20 21 20 18 14 12 11 10 9 13 9 18 12 9 19 10 9 8 8 
 40cm 3 5 6 5 5 4 5 6 6 9 8 7 7 7 6 5 5 5 4 3 3 3 4 3 47 9 11 11 10 11 6 6 12 11 12 12 12 10 9 7 6 6 5 6 5 7 6 5 10 5 5 5 4 
 50cm 4 7 7 7 7 7 7 8 8 21 9 9 9 9 8 7 6 7 4 4 4 4 4 4 47 12 11 11 10 4 6 7 10 9 9 10 10 9 8 6 6 5 4 5 5 4 5 5 6 4 4 4 4 
 60cm 10 19 19 18 18 18 18 19 19 43 25 24 23 24 23 21 19 18 14 12 11 10 11 11 43 30 19 19 17 5 4 4 5 5 5 17 5 5 4 4 3 3 3 3 3 3 3 3 3 3 3 3 2 
 70cm 6 9 9 9 8 8 9 9 9 44 21 20 19 20 20 21 19 18 14 13 11 11 11 10 43 35 30 29 26 14 4 4 5 5 21 43 14 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 2 
 80cm 6 9 9 8 8 8 9 9 9 45 40 34 32 32 32 31 31 29 22 20 19 18 19 18 43 42 32 31 29 19 3 4 4 4 42 43 43 5 5 5 4 4 3 4 3 3 4 4 3 3 3 3 3 
 90cm 11 35 32 31 29 29 30 30 30 44 43 40 35 36 35 35 34 34 25 23 21 21 23 22 44 43 40 37 35 25 5 5 6 6 40 40 41 20 19 18 16 14 12 12 12 11 12 12 11 11 10 10 10 
 100cm                                                          
Total SWC 68 131 119 115 111 118 137 126 121 267 207 183 184 176 165 157 162 144 106 100 88 87 112 98 336 226 186 179 165 96 73 75 124 112 207 244 200 117 101 91 80 70 69 96 63 107 80 64 110 68 71 57 54 
∆S  -63 13 4 4 -7 -19 10 5 -146 60 24 -2 9 11 8 -5 18 37 7 12 2 -25 14 -238 110 40 8 13 69 23 -2 -50 13 -95 -38 44 83 16 10 11 10 1 -27 33 -44 27 17 -47 42 -3 14 4 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  0 0 0 0 0 0 0 0 81 0 0 0 0 0 0 4 0 0 0 0 0 0 0 84 0 0 0 0 0 0 1 4 0 60 11 0 0 0 0 0 0 0 24 0 14 0 0 20 0 0 0 0 
ET  14 15 7 7 0 9 14 10 0 72 28 25 13 19 11 0 19 38 30 23 13 16 14 0 125 324 9 34 103 143 0 0 21 0 0 54 89 20 12 16 11 2 0 33 0 31 21 0 47 12 14 9 
Ave. ET/day   1 2 1 1 0 1 2 1 0 15 4 3 2 3 4 0 3 6 4 3 2 1 2 0 16 6 1 2 3 2 0 0 3 0 0 5 8 3 2 2 1 0 0 4 0 4 3 0 6 2 2 1 
ΣET  14 28 36 42 43 51 65 75 75 147 175 201 214 232 244 244 263 301 330 353 367 382 396 0 125 449 458 492 595 738 0 0 21 21 21 75 164 184 197 213 224 226 226 259 259 290 311 311 357 370 383 393 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: DIK49 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
43 13 24 20 37 Loam 
 2013 Lupines  - - - 50-100 1412.8 49 B 
100-
200 
5.2 6.1 108 84.9 0.49 0.47 0.36 0.32 0.21 0.24 0.16 0.18 0.13 0.16 0.10 0.14 0.08 0.12 0.05 0.04 57 9 8 7 10 10 38 16 46 43 15 23 20 37 Loam 
 2014 Wheat   2930.1 7.5 12.2 100-150 1470.8 49 C 
200-
300 
5.3 6.0 134 81.4 - - - - - - - - - - - - - - - - 66 9 7 5 9 10 40 14 47 39 13 30 17 43 Loam 
               150-200 1484.0 49 D 
300-
450 
5.5 6.5 99 73.4 - - - - - - - - - - - - - - - - 70 11 9 7 7 7 49 17 34 42 12 31 15 43 Loam 
               200-250 1526.8                                                                             
               250-300 1542.7                                                                             




Table A-39. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WCWL sequence under CT. 
 
Table A-40. Individual soil water balance data for the second replicate site of the WCWL sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 56                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 9 15 11 11 10 11 18 12 10 20 18 14 18 10 8 8 21 9 6 8 7 11 10 5 20 19 8 6 6 6 3 3 11 6 10 9 10 10 8 6 6 3 4 11 3 13 6 2 10 4 4 2 3 
 20cm 18 30 25 21 20 24 31 23 19 35 31 25 27 19 16 16 20 17 15 17 15 19 21 18 35 30 21 21 21 16 17 16 33 31 33 34 33 30 24 21 19 16 14 17 13 27 19 13 29 14 17 14 13 
 30cm 18 33 29 25 23 26 31 25 21 41 35 30 26 22 19 17 16 17 16 17 16 17 26 24 39 32 28 27 25 20 21 20 33 33 34 35 34 32 25 21 18 16 14 14 14 18 18 13 23 15 15 14 13 
 40cm 12 26 23 20 19 21 24 20 18 45 31 25 23 20 16 14 12 13 12 12 13 13 24 22 45 26 24 23 21 16 20 20 30 30 35 40 31 27 22 17 15 13 11 11 10 11 12 10 13 10 10 10 10 
 50cm 9 11 11 10 9 9 11 9 9 46 44 11 12 11 9 8 7 8 6 7 7 7 13 11 47 13 12 12 10 8 13 13 23 16 42 42 25 10 9 7 6 5 4 4 4 4 4 4 4 4 4 4 4 
 60cm 6 41 16 15 14 14 15 14 14 44 43 22 41 17 16 15 13 16 13 16 16 15 43 19 44 42 27 20 17 15 13 12 18 41 41 41 40 23 21 18 14 10 8 9 8 8 8 8 8 7 7 7 7 
 70cm 5 41 26 22 22 21 21 21 20 42 41 42 40 37 24 23 23 28 25 35 27 26 40 38 40 38 42 41 24 22 6 6 14 40 40 40 39 37 25 22 18 13 10 10 9 9 9 9 8 8 8 8 8 
 80cm 6 38 38 31 28 27 27 28 27 38 38 39 39 39 38 34 30 40 34 39 38 37 39 38 38 36 39 39 26 23 4 4 41 41 41 41 41 40 13 11 10 8 7 7 6 6 6 6 6 6 6 5 5 
 90cm 7 39 39 39 21 18 31 37 18 39 40 40 40 40 40 40 38 41 41 40 40 40 41 39 40 39 40 39 37 24 4 4 41 39 39 39 39 38 38 28 25 21 16 15 14 13 13 13 12 12 12 12 11 
 100cm 5 38 37 37 36 36 37 37 36 37 37 37 37 37 37 36 37 38 37 36 36 37 38 36 37 37 37 36 35 31 6 6 37 36 36 36 36 35 36 36 27 24 19 17 14 14 14 14 13 13 13 13 12 
Total SWC 95 312 255 230 203 206 246 225 192 387 359 285 301 253 223 211 217 227 205 227 215 222 297 249 384 313 277 262 221 181 108 105 282 312 351 356 329 282 223 187 157 128 108 116 95 123 110 93 127 93 93 88 86 
∆S  -217 58 25 27 -4 -40 21 33 -196 28 74 -16 49 30 11 -6 -10 23 -23 12 -7 -75 47 -135 71 36 15 41 40 73 3 -177 -31 -39 -6 28 46 59 36 30 29 20 -8 20 -28 13 17 -34 34 0 5 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  140 0 0 0 0 12 0 0 131 0 0 0 0 0 0 4 9 0 0 0 0 34 0 0 0 0 0 0 0 0 0 132 23 3 0 0 0 0 0 0 0 0 5 0 0 0 0 7 0 0 0 0 
ET  0 60 28 30 3 0 24 38 0 40 78 11 52 38 15 0 0 23 0 24 5 0 47 19 86 321 16 62 74 193 4 0 0 0 21 37 52 63 38 35 31 21 0 20 2 17 21 0 39 15 5 8 
Ave. ET/day   0 7 5 5 0 0 3 6 0 8 11 1 8 5 5 0 0 3 0 3 1 0 6 3 11 6 2 4 2 3 1 0 0 0 3 3 5 9 5 5 4 4 0 3 0 2 3 0 5 2 1 1 
ΣET  0 60 87 117 121 121 145 183 183 223 301 313 365 403 418 418 418 441 441 465 469 469 517 19 105 426 442 503 577 770 4 4 4 4 25 63 115 178 217 252 283 304 304 324 326 343 364 364 403 418 423 431 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: DIIK56 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          









      
38 15 25 22 41 Loam 
 2013 Lupines  - - - 50-100 1419.5 56 B 
100-
200 
5.3 6.1 133 76.1 - - - - - - - - - - - - - - - - 62 10 8 7 7 7 47 17 36 38 15 27 20 42 Loam 
 2014 Wheat   3231.9 7.5 13.5 100-150 1629.0 56 C 
200-
300 
5.3 6.2 99 61.6 - - - - - - - - - - - - - - - - 71 14 10 8 8 7 52 17 31 47 14 23 17 36 Loam 
               150-200 1570.0 56 D 
300-
450 
5.3 6.4 86 62.4 - - - - - - - - - - - - - - - - 68 18 12 8 7 6 57 16 26 51 12 23 14 34 Loam 
               200-250 1582.0                                                                             
               250-300 1630.0                                                                             




Table A-41. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WCWL sequence under CT. 
 
Table A-42. Individual soil water balance data for the third replicate site of the WCWL sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 83                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 9 19 15 15 10 15 13 15 12 34 26 24 22 17 14 13 22 9 5 7 5 8 10 5 38 23 7 3 3 5 12 11 28 24 28 31 29 29 21 18 16 11 12 23 9 26 14 8 23 10 15 7 7 
 20cm 26 39 37 33 31 33 36 33 31 42 41 36 37 34 28 25 25 22 17 17 16 16 25 19 40 36 23 17 17 14 17 16 33 33 35 37 37 34 28 23 21 17 15 25 14 30 18 13 30 14 20 13 12 
 30cm 19 39 27 25 24 24 26 24 24 44 44 27 31 28 24 21 18 18 15 14 13 13 18 16 44 28 21 17 15 14 16 17 33 33 37 39 37 34 30 23 20 17 14 15 13 17 15 13 23 13 13 12 11 
 40cm 16 46 24 21 20 20 22 21 21 46 47 25 46 22 21 20 19 19 15 14 13 12 14 14 47 43 19 17 14 14 10 11 39 16 40 40 42 14 14 10 9 7 6 6 6 6 6 5 6 5 5 5 5 
 50cm 12 47 46 33 32 32 34 32 32 47 48 48 47 42 34 33 34 35 33 31 28 25 30 30 48 48 33 32 28 24 9 10 44 39 44 44 45 11 11 12 11 10 9 9 8 8 9 8 7 7 7 7 7 
 60cm 19 49 49 41 38 38 46 41 39 49 49 50 49 49 44 41 42 46 42 40 39 36 42 40 50 50 41 40 38 29 9 9 46 46 46 46 46 46 12 14 14 13 12 13 12 12 13 11 11 10 10 10 10 
 70cm 20 48 48 47 45 44 46 46 45 48 48 49 48 49 50 48 48 50 47 46 45 43 51 47 49 48 48 46 45 35 9 10 46 46 46 45 45 45 33 31 32 28 27 28 26 27 28 26 26 25 24 24 24 
 80cm 20 49 48 47 47 46 46 46 47 47 47 48 47 48 48 48 48 49 48 48 46 47 53 51 50 50 49 48 47 41 9 11 44 44 44 44 44 44 44 35 35 31 31 33 30 32 33 30 30 30 29 29 29 
 90cm 19 48 48 47 47 47 47 47 47 47 47 47 47 47 47 47 47 48 47 45 43 47 51 48 47 47 44 43 43 40 13 21 46 46 46 46 46 46 47 46 30 31 30 32 29 33 35 29 31 30 29 29 28 
 100cm 22 47 47 45 45 45 45 45 45 45 45 45 44 45 45 44 45 46 45 45 44 46 48 46 46 46 45 44 45 46 11 18 43 43 43 42 43 42 43 43 41 29 29 30 30 37 33 30 37 30 29 30 28 
Total SWC 182 430 390 353 340 342 362 349 342 450 443 399 419 380 354 341 349 343 315 307 291 293 341 316 460 417 330 308 295 263 116 133 401 370 410 413 414 345 283 255 228 194 186 215 177 227 204 174 224 174 181 167 160 
∆S  -248 40 37 13 -2 -19 12 7 -107 7 44 -20 39 25 13 -7 6 28 8 17 -2 -48 25 -145 43 87 23 13 31 147 -17 -268 31 -40 -4 -1 69 62 28 27 34 8 -29 38 -50 23 30 -49 50 -7 14 7 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  171 0 0 0 0 0 0 0 42 0 0 0 0 0 0 6 0 0 0 0 0 7 0 0 0 0 0 0 0 0 16 222 0 4 0 0 0 0 0 0 0 0 26 0 20 0 0 23 0 0 0 0 
ET  0 42 40 16 5 9 15 12 0 19 48 8 42 33 17 0 7 28 31 28 9 0 25 9 59 372 24 33 65 267 0 0 39 0 23 9 75 66 31 33 36 8 0 38 0 27 34 0 55 8 14 13 
Ave. ET/day   0 5 7 3 1 1 2 2 0 4 7 1 6 5 5 0 1 4 4 4 1 0 3 1 7 7 3 2 2 5 0 0 5 0 4 1 7 9 4 5 4 1 0 5 0 4 5 0 7 1 2 2 
ΣET  0 42 82 97 102 111 126 138 138 157 205 213 255 288 305 305 312 341 371 399 409 409 434 9 67 439 463 496 561 828 0 0 39 39 62 71 146 211 242 275 311 319 319 357 357 384 418 418 473 481 495 508 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: DIIIK83 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          
83 A 0-100 6.0 6.7 287 85.8 0.58 0.49 0.39 0.36   0.27 0.20 0.22 0.19 0.19 0.17 0.17 0.16 0.15 0.03 0.03 48 
 









      
36 17 19 27 37 Clay loam 
 2013 Lupines  - - - 50-100 - 83 B 
100-
200 
5.6 6.5 172 71.9 0.54 0.49 0.37 0.36   0.27 0.18 0.22 0.18 0.19 0.16 0.17 0.17 0.16 0.03 0.03 54 
 
15 5 7 9 43 13 44 36 18 19 28 36 Clay loam 
 2014 Wheat   3889.6 7.7 16.2 100-150 - 83 C 
200-
300 
5.2 6.3 139 79.3 0.53 0.49 0.33 0.36   0.28 0.17 0.22 0.17 0.20 0.15 0.18 0.17 0.16 0.03 0.03 58 
 
18 5 6 8 50 13 38 37 24 11 29 35 Clay loam 
               150-200 - 83 D 
300-
450 
5.1 6.4 173 87.7 0.51 0.53 0.30 0.45   0.39 0.18 0.33 0.18 0.31 0.16 0.29 0.15 0.27 0.03 0.02 51 
 
20 3 3 3 71 9 20 29 13 10 48 23 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-43. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WCWL sequence under NT. 
 
Table A-44. Individual soil water balance data for the first replicate site of the WCWL sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 50                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 10 14 11 11 10 11 17 14 14 18 19 19 19 17 17 17 23 17 15 16 15 19 19 14 24 23 0 0 0 0 18 17 31 26 30 31 27 26 19 18 16 13 14 29 12 30 18 13 29 18 21 12 11 
 20cm 19 23 21 18 17 19 27 20 20 26 26 23 25 23 24 23 29 25 23 24 24 26 27 21 32 28 15 14 13 4 21 20 33 30 32 32 32 24 20 18 16 14 14 25 14 31 19 16 30 20 23 16 14 
 30cm 18 24 23 22 20 21 28 23 23 29 28 25 27 25 25 25 26 27 25 23 23 23 26 26 47 29 23 21 19 11 16 17 26 24 25 26 25 20 16 14 13 12 11 11 11 18 13 12 21 15 15 13 12 
 40cm 19 23 23 22 21 22 26 24 23 33 28 25 25 24 24 24 24 25 24 24 26 28 30 28 47 31 27 26 24 12 12 13 18 16 17 18 20 15 13 11 10 8 8 8 8 8 8 8 11 9 9 9 8 
 50cm 15 19 19 18 17 17 18 18 18 49 29 21 21 21 21 20 20 22 21 22 22 22 23 22 48 26 28 28 27 14 7 8 9 9 10 10 12 9 9 7 7 6 5 5 5 5 5 6 6 5 5 5 5 
 60cm 9 11 11 12 12 13 13 14 14 48 30 15 15 15 15 15 14 16 16 17 17 17 18 17 47 32 25 24 23 14 13 14 19 18 19 21 16 18 17 15 11 11 9 9 10 10 10 10 10 9 9 9 9 
 70cm 9 12 12 12 13 14 14 14 14 46 46 19 18 18 18 17 17 19 18 18 18 18 19 18 46 46 25 25 23 15 12 13 18 16 17 19 16 15 16 16 14 12 11 11 11 11 11 11 11 11 11 10 10 
 80cm 13 19 19 18 18 17 18 19 18 47 47 24 23 22 22 22 22 23 23 22 22 22 24 23 47 47 26 24 23 17 12 12 16 15 16 17 20 15 15 16 15 14 12 12 12 12 12 12 12 12 12 11 11 
 90cm 22 37 37 37 35 35 36 37 36 47 47 45 40 39 39 39 39 42 40 40 39 39 42 40 47 47 48 27 25 14 10 10 13 12 12 13 19 17 17 17 18 16 14 14 13 13 13 13 13 13 12 12 12 
 100cm                                                          
Total SWC 134 182 175 171 164 170 196 183 180 342 298 216 214 205 203 202 216 215 204 205 206 213 228 208 387 308 218 189 177 101 122 125 182 167 177 186 185 159 143 134 120 106 97 124 96 139 110 100 142 112 118 97 91 
∆S  -48 7 4 7 -6 -26 12 4 -163 44 82 2 9 2 2 -14 1 11 -1 0 -8 -14 20 -179 79 90 29 12 75 -21 -3 -57 15 -10 -9 1 26 16 9 14 14 9 -27 28 -43 28 11 -43 30 -6 22 6 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  0 0 0 0 0 0 0 0 98 0 0 0 0 0 0 13 0 0 0 0 0 0 0 26 0 0 0 0 0 0 2 12 0 0 0 0 0 0 0 0 0 0 24 0 13 0 0 16 0 0 0 0 
ET  29 9 7 10 1 2 15 8 0 56 86 29 13 10 5 0 2 11 22 11 4 27 20 0 95 375 30 33 109 99 0 0 23 26 17 11 32 20 12 19 16 10 0 28 0 33 15 0 35 9 22 11 
Ave. ET/day   2 1 1 2 0 0 2 1 0 11 12 3 2 1 2 0 0 2 3 2 1 2 3 0 12 7 4 2 3 2 0 0 3 4 3 1 3 3 2 3 2 2 0 4 0 5 2 0 4 1 3 2 
ΣET  29 39 46 56 56 58 74 82 82 138 225 254 267 276 281 281 284 295 317 328 332 358 378 0 95 469 499 532 641 740 0 0 23 49 66 77 109 129 141 160 176 185 185 214 214 246 261 261 296 305 327 338 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: DIN50 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          









      
45 12 23 21 34 Loam 
 2013 Lupines  - - - 50-100 1348.0 50 B 
100-
200 
4.8 5.5 189 77.4 - - - - - - - - - - - - - - - - 57 9 8 8 10 9 39 17 44 44 13 21 22 34 Loam 
 2014 Wheat   3882.3 11.5 16.2 100-150 1420.0 50 C 
200-
300 
5.1 5.9 170 72.1 - - - - - - - - - - - - - - - - 66 14 10 8 8 6 52 17 31 47 11 22 20 33 Loam 
               150-200 1490.0 50 D 
300-
450 
5.3 6.3 100 65.7 - - - - - - - - - - - - - - - - 66 12 10 8 8 6 51 18 31 44 12 27 18 39 Loam 
               200-250 1548.8                                                                             
               250-300 1593.5                                                                             




Table A-45. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WCWL sequence under NT. 
 
Table A-46. Individual soil water balance data for the second replicate site of the WCWL sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 55                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 4 6 4 6 6 6 9 6 5 10 11 10 9 6 7 6 11 5 3 5 4 9 7 3 11 12 4 3 1 3 12 11 21 14 19 20 19 20 13 11 11 8 10 22 7 22 15 7 20 12 14 7 8 
 20cm 13 20 22 37 14 17 22 16 14 26 23 23 37 15 13 12 13 13 10 12 11 15 25 37 26 23 17 15 15 12 21 18 33 37 32 32 30 26 21 19 17 15 16 28 14 32 37 15 30 19 23 16 21 
 30cm 18 25 22 20 19 22 27 21 19 41 30 24 23 19 17 16 16 16 13 15 15 16 26 21 34 27 25 21 20 16 16 16 30 26 29 30 27 23 19 17 15 12 11 19 11 26 16 11 25 15 16 13 12 
 40cm 18 24 22 19 19 20 24 20 19 46 36 24 21 18 16 14 13 15 12 13 12 13 22 21 43 22 22 20 19 15 14 14 26 22 19 38 11 9 8 7 6 5 4 5 4 6 6 4 9 5 5 5 4 
 50cm 16 29 26 24 24 24 25 24 23 46 45 28 26 24 21 18 16 17 14 15 15 16 25 23 46 26 26 26 28 23 6 7 12 9 43 42 8 5 5 4 3 3 3 3 3 3 3 3 3 3 3 3 2 
 60cm 10 27 22 21 20 20 20 19 19 45 44 23 25 22 19 16 14 16 13 13 13 13 23 21 46 22 21 21 19 17 4 4 42 5 43 41 40 8 8 7 5 4 4 4 4 4 4 4 4 4 4 4 3 
 70cm 13 41 29 27 26 26 26 26 26 42 42 30 41 28 26 23 20 25 18 20 19 20 38 28 42 30 29 28 27 24 2 3 42 42 42 40 40 12 11 10 8 6 5 5 5 5 5 5 5 4 4 4 4 
 80cm 14 40 35 33 32 32 32 32 32 40 40 39 40 35 33 32 30 34 30 31 30 30 43 34 40 39 36 34 33 29 3 3 42 40 38 38 39 37 27 24 21 15 11 11 10 10 10 10 10 10 9 9 9 
 90cm 13 40 36 34 33 33 33 33 33 40 39 40 40 39 34 33 33 40 34 37 34 35 42 37 40 40 39 36 35 32 6 8 37 36 36 36 37 36 36 28 26 18 13 12 12 11 12 12 11 11 11 11 11 
 100cm 13 38 37 33 32 32 32 32 31 38 38 38 38 37 34 33 33 41 35 39 35 35 40 39 39 38 40 37 34 32 6 6 34 33 33 33 34 33 33 24 21 16 12 11 10 10 10 10 15 11 10 10 10 
Total SWC 132 291 254 255 225 232 247 228 221 375 351 278 299 244 218 204 198 222 182 199 188 202 291 264 368 280 260 241 230 202 89 90 319 265 334 351 285 208 179 151 134 101 89 119 80 128 117 82 131 93 98 81 86 
∆S  -159 36 -1 30 -7 -15 19 7 -153 24 73 -21 55 26 14 6 -24 40 -16 10 -14 -89 27 -104 88 19 19 11 28 113 -1 -228 54 -70 -16 65 77 29 29 17 33 12 -30 38 -48 11 35 -48 38 -4 16 -4 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  82 0 0 0 0 0 0 0 89 0 0 0 0 0 0 0 23 0 0 0 2 48 0 0 0 0 0 0 0 0 0 183 0 34 0 0 0 0 0 0 0 0 27 0 18 0 0 22 0 0 0 0 
ET  0 38 2 33 0 12 22 12 0 36 77 6 59 34 18 7 0 40 7 22 0 0 27 50 104 304 20 31 62 233 0 0 62 0 10 75 83 33 31 22 34 13 0 38 0 15 39 0 43 11 16 1 
Ave. ET/day   0 5 0 6 0 2 3 2 0 7 11 1 9 5 6 2 0 6 1 3 0 0 3 8 13 6 3 2 2 4 0 0 8 0 2 7 8 5 4 3 4 2 0 5 0 2 6 0 5 1 2 0 
ΣET  0 38 40 74 74 86 108 120 120 156 233 239 298 332 350 357 357 397 404 426 426 426 453 50 153 457 477 509 571 804 0 0 62 62 72 147 230 263 294 316 350 363 363 402 402 417 456 456 499 510 526 527 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: DIIN55 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          
55 A 0-100 5.4 5.9 315 85.5 0.56 0.47 0.33 0.34 - 0.25 0.18 0.19 0.18 0.16 0.16 0.14 0.15 0.13 0.05 0.04 63 
 









      
39 15 27 20 41 Loam 
 2013 Lupines  - - - 50-100 1431.0 55 B 
100-
200 
5.1 5.9 128 77.9 0.56 0.47 0.34 0.33 - 0.24 0.18 0.18 0.17 0.16 0.16 0.14 0.14 0.12 0.05 0.04 72 
 
18 8 8 7 44 19 37 40 14 26 20 40 Loam 
 2014 Wheat   3293.2 6.2 13.7 100-150 1504.8 55 C 
200-
300 
5.2 6.3 88 70.8 0.50 0.44 0.32 0.31 - 0.22 0.16 0.16 0.16 0.14 0.14 0.12 0.12 0.10 0.04 0.04 71 
 
19 8 9 8 43 19 38 45 14 28 14 42 Loam 
               150-200 1600.8 55 D 
300-
450 
5.3 6.4 118 66.1 0.50 0.43 0.33 0.30 - 0.21 0.17 0.15 0.17 0.13 0.15 0.11 0.13 0.10 0.04 0.04 71 
 
23 9 9 9 47 18 35 50 18 21 12 39 Loam 
               200-250 1675.8                                                                             
               250-300 1698.0                                                                             




Table A-47. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WCWL sequence under NT. 
 
Table A-48. Individual soil water balance data for the third replicate site of the WCWL sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 84                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 4 7 5 7 8 5 7 5 5 21 20 13 15 10 8 8 12 4 2 3 2 7 3 2 12 11 1 1 1 2 19 20 34 35 36 37 36 35 35 33 30 19 19 34 13 34 20 12 32 18 25 13 12 
 20cm 21 29 29 26 26 27 28 26 25 35 36 31 36 31 29 28 30 26 19 20 17 17 22 18 34 29 19 17 16 13 18 21 35 37 37 37 38 31 30 27 24 16 13 23 11 22 14 11 23 12 13 11 10 
 30cm 20 31 24 22 21 22 24 21 20 37 37 28 36 24 23 22 22 23 18 17 15 13 16 15 38 30 18 15 15 13 15 20 41 43 43 43 43 17 15 14 12 9 7 7 6 6 7 6 9 6 5 6 5 
 40cm 7 39 29 24 22 21 22 21 21 39 40 40 39 30 24 24 23 25 24 22 20 17 22 21 40 39 22 21 20 14 10 12 43 43 43 43 42 38 23 22 21 17 14 13 11 11 12 11 11 10 9 10 9 
 50cm 18 40 39 38 34 34 39 35 33 40 41 41 40 41 39 35 35 39 35 33 33 33 36 34 41 41 33 32 32 26 8 8 45 45 44 44 44 44 30 30 30 27 24 23 21 20 21 19 18 18 17 17 16 
 60cm 20 43 42 43 39 39 43 42 38 43 43 44 42 44 43 41 40 45 41 39 39 39 44 41 43 43 40 39 37 34 8 8 45 45 45 45 44 45 39 35 36 33 31 31 29 32 31 26 26 25 25 25 24 
 70cm 21 43 42 42 42 42 42 42 42 42 42 43 41 43 42 42 43 44 44 42 41 42 46 44 43 42 43 43 42 40 8 10 45 45 45 45 44 45 46 27 28 26 26 25 22 48 27 22 26 22 22 22 21 
 80cm 22 42 42 41 41 42 42 41 41 41 41 41 40 42 41 41 42 43 43 41 41 43 47 45 44 43 44 43 43 43 9 10 43 44 44 44 43 44 44 45 16 18 17 19 19 48 22 19 43 19 18 18 16 
 90cm                                10 11 45 45 45 45 44 44 45 45 46 35 35 36 37 48 43 38 47 37 37 36 33 
 100cm                                18 34 42 41 42 42 41 42 42 42 43 43 42 41 42 44 46 43 43 43 42 42 39 
Total SWC 133 274 253 242 232 231 246 232 225 298 300 280 288 265 248 243 247 249 226 216 208 212 236 219 296 278 220 211 206 184 124 153 418 422 424 424 419 384 349 321 287 243 229 254 212 315 242 205 279 209 215 201 185 
∆S  -141 21 11 10 2 -15 13 7 -72 -3 20 -8 24 17 5 -4 -2 23 10 8 -3 -25 17 -76 18 58 9 6 22 60 -30 -264 -4 -2 -1 5 35 35 28 34 44 14 -25 42 -102 72 37 -73 70 -6 14 15 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  64 0 0 0 0 0 0 0 8 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 29 219 0 0 0 0 0 0 0 0 0 0 22 0 72 0 0 47 0 0 0 0 
ET  0 23 14 12 9 13 17 12 0 9 24 20 27 25 9 0 0 23 33 19 9 16 17 77 33 342 10 26 55 181 0 0 4 34 26 15 41 39 31 39 45 15 0 42 0 76 41 0 75 9 14 21 
Ave. ET/day   0 3 2 2 1 2 2 2 0 2 3 2 4 3 3 0 0 3 4 3 1 1 2 13 4 6 1 2 1 3 0 0 0 6 4 1 4 6 4 6 5 3 0 6 0 11 6 0 9 1 2 3 
ΣET  0 23 37 49 58 71 87 99 99 109 132 152 179 204 213 213 213 236 269 288 297 313 330 77 111 453 462 489 544 724 0 0 4 38 64 78 119 158 189 228 273 288 288 330 330 406 447 447 523 532 546 566 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: DIIIN84 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
35 26 13 26 39 Loam 
 2013 Lupines  - - - 50-100 - 84 B 
100-
200 
5.4 6.2 187 63.9 - - - - - - - - - - - - - - - - 57 8 5 5 8 10 37 13 50 35 25 12 27 37 Clay loam 
 2014 Wheat   4249.0 7.5 17.7 100-150 - 84 C 
200-
300 
5.2 6.2 152 70.5 - - - - - - - - - - - - - - - - 65 11 5 4 7 8 46 12 42 35 23 12 31 35 Clay loam 
               150-200 - 84 D 
300-
450 
5.1 6.3 167 80.5 - - - - - - - - - - - - - - - - 57 21 7 3 3 3 76 7 17 37 12 7 45 18 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-49. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the CWLW sequence under CT. 
 
Table A-50. Individual soil water balance data for the first replicate site of the CWLW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 45                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 11 16 12 10 9 12 19 14 11 20 20 16 19 13 11 10 20 10 6 8 7 9 11 8 21 20  12 12 0 22 21 30 28 30 28 29 25 18 16 15 14 16 26 14 29 19 14 27 16 19 12 13 
 20cm 13 16 13 11 10 12 19 12 11 18 18 13 17 12 9 9 9 9 7 8 7 7 11 9 24 20  21 15 11 14 14 25 23 24 26 24 19 15 13 12 11 10 15 11 22 14 11 23 12 13 10 10 
 30cm 12 15 13 11 10 11 16 11 10 17 15 12 13 10 9 8 8 8 7 7 6 7 9 9 43 27  13 10 12 12 14 20 19 21 23 22 18 15 12 11 10 9 9 9 13 11 10 19 11 10 9 9 
 40cm 5 6 6 5 5 5 6 6 4 13 8 7 5 5 4 4 4 4 3 3 3 3 4 4 46 45  6 4 5 12 13 16 15 16 20 19 17 14 13 11 10 9 10 10 9 10 10 14 10 10 9 9 
 50cm 8 9 9 8 8 8 8 8 7 46 26 15 13 11 9 8 8 8 6 7 6 6 7 7 44 42  8 5 4 5 5 6 5 6 15 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 2 2 
 60cm 12 14 14 13 13 12 12 12 11 44 44 18 16 14 11 10 10 10 10 8 8 8 8 8 41 42  48 3 4 4 5 5 5 18 44 41 6 6 5 4 4 3 4 4 3 3 3 3 3 3 3 3 
 70cm 6 9 9 8 8 7 7 8 7 44 44 39 18 16 14 12 11 11 8 9 8 8 9 9 42 42  48 9 4 4 4 4 4 43 44 43 5 4 4 4 3 3 3 3 3 3 3 3 3 3 2 2 
 80cm 8 39 27 24 23 22 22 22 21 42 43 43 37 28 26 23 21 19 17 16 15 14 16 15 40 40  47 41 20 5 5 5 30 41 42 40 40 24 22 19 15 13 14 13 13 13 13 13 12 12 12 11 
 90cm 16 43 43 33 30 29 28 29 28 44 44 44 43 41 33 31 31 30 23 23 21 20 22 21 43 43     5 5 8 40 39 40 40 38 39 25 22 18 16 16 15 14 14 14 14 13 12 12 11 
 100cm                                                          
Total SWC 90 167 145 124 118 118 137 123 111 289 263 206 181 151 126 116 121 109 87 88 81 81 98 89 343 321 - 202 99 61 82 87 119 169 237 282 262 170 139 114 101 86 83 99 82 110 90 81 118 83 84 72 71 
∆S  -77 22 22 6 0 -19 15 11 -177 26 56 26 30 25 10 -5 12 22 0 7 0 -17 8 -254 22 - 119 103 38 -20 -5 -32 -51 -68 -45 21 91 31 26 12 15 3 -16 17 -28 20 9 -37 35 -1 12 1 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 - 285 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  0 0 0 0 0 0 0 0 113 0 0 0 0 0 0 4 0 0 0 0 0 0 0 100 0 - 0 0 0 0 4 0 42 32 18 0 0 0 0 0 0 0 13 0 0 0 0 11 0 0 0 0 
ET  0 24 25 9 7 9 18 16 0 38 60 53 33 33 13 0 14 22 23 18 11 25 8 0 38 - 404 124 71 100 0 14 0 0 0 30 97 35 28 18 17 4 0 17 2 24 13 0 40 14 12 7 
Ave. ET/day   0 3 4 2 1 1 2 2 0 8 9 6 5 5 4 0 2 3 3 3 2 2 1 0 5 - 58 8 2 2 0 2 0 0 0 3 9 5 4 3 2 1 0 2 0 3 2 0 5 2 2 1 
ΣET  0 24 48 57 64 72 91 107 107 145 205 258 292 324 338 338 352 373 396 415 426 450 459 0 38 - 442 566 637 737 0 14 14 14 14 44 141 176 204 222 238 242 242 259 261 286 299 299 339 353 365 372 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: EIK45 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
48 12 22 18 34 Loam 
 2013 Wheat   3605.8 7.9 10.6 50-100 1378.0 45 B 
100-
200 
5.2 6.0 167 79.7 0.47 0.44 0.34 0.30 0.20 0.22 0.14 0.16 0.14 0.14 0.11 0.12 0.09 0.11 0.05 0.04 62 12 10 8 10 8 45 17 38 48 28 10 14 38 Loam 
 2014 Canola   1228.3 3.3 5.1 100-150 1411.8 45 C 
200-
300 
5.3 6.2 131 80.8 0.47 0.46 0.35 0.31 0.20 0.23 0.16 0.18 0.14 0.15 0.11 0.14 0.09 0.12 0.05 0.04 66 12 9 8 9 7 46 18 36 45 10 26 18 36 Loam 
               150-200 1450.5 45 D 
300-
450 
5.4 6.5 105 65.4 0.48 0.44 0.36 0.30 0.23 0.21 0.17 0.16 0.14 0.14 0.10 0.12 0.08 0.11 0.05 0.04 71 15 12 9 8 6 55 18 27 50 9 25 15 35 Loam 
               200-250 1440.5                                                                             
               250-300                                                                               




Table A-51. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the CWLW sequence under CT. 
 
Table A-52. Individual soil water balance data for the second replicate site of the CWLW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 54                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 5 10 8 7 7 9 15 11 9 15 15 12 14 8 6 5 10 5 3 4 4 8 8 3 17 13 7 6 6 6 12 12 26 20 25 26 24 23 15 15 13 9 13 24 8 24 11 7 22 8 14 4 7 
 20cm 11 23 20 16 15 20 26 20 16 26 24 19 23 14 11 10 9 9 8 9 8 16 15 11 31 19 16 14 15 13 19 18 33 30 33 33 32 27 23 21 18 14 18 29 12 25 15 11 28 11 19 8 8 
 30cm 17 29 26 21 22 24 29 23 20 32 28 24 22 17 13 12 11 10 9 10 9 12 15 13 34 24 23 20 19 18 13 14 29 26 29 30 27 24 23 21 18 14 14 22 11 11 12 10 23 10 12 7 7 
 40cm 18 28 26 22 23 23 28 23 20 36 29 23 19 16 14 13 12 11 10 10 9 10 11 12 35 25 24 23 22 21 15 17 30 27 29 29 28 25 24 22 19 14 13 13 11 10 10 10 14 9 9 7 6 
 50cm 11 19 18 16 16 16 18 17 14 40 22 19 14 12 10 9 9 8 7 7 7 7 8 9 36 19 18 19 17 15 13 15 23 21 23 24 22 21 20 20 18 16 13 13 11 10 11 10 9 9 8 7 6 
 60cm 10 20 19 18 18 18 18 18 17 41 24 21 16 13 12 11 10 10 9 9 8 9 10 9 39 24 24 23 21 19 9 9 14 12 29 40 10 12 12 13 14 14 12 11 10 10 10 9 8 8 7 6 5 
 70cm 6 13 12 12 12 13 13 13 13 41 23 20 17 14 12 11 11 11 9 9 8 9 13 11 40 23 24 24 22 21 7 7 39 8 40 40 10 8 8 8 8 8 7 8 7 7 7 6 6 5 5 4 4 
 80cm 9 24 24 23 22 23 23 23 22 40 29 25 22 19 17 15 15 15 13 13 12 13 24 22 40 27 26 26 26 24 5 5 40 6 40 40 39 12 12 12 11 11 9 9 8 8 8 7 7 7 6 5 5 
 90cm 6 23 13 13 13 15 13 12 13 42 39 16 14 13 11 10 10 10 9 9 9 9 27 16 42 17 16 16 16 16 6 6 39 24 39 39 38 22 20 19 19 18 16 15 13 13 13 11 11 11 10 9 9 
 100cm 7 39 24 23 23 24 22 22 22 39 39 26 25 23 20 18 17 18 16 22 17 18 41 25 39 33 29 29 27 27 10 10 38 37 37 37 37 36 36 29 26 25 23 22 19 18 17 15 15 14 13 12 12 
Total SWC 100 228 190 173 171 184 205 183 166 353 272 207 185 147 127 115 113 108 95 101 91 111 172 131 355 223 208 200 192 180 108 114 310 213 324 337 266 211 194 179 164 143 139 167 110 134 114 97 144 93 103 70 70 
∆S  -128 38 18 1 -13 -21 22 17 -187 81 65 21 38 21 12 2 4 13 -6 11 -20 -61 41 -224 132 15 8 8 12 72 -6 -196 98 -112 -13 72 54 18 15 15 21 3 -28 57 -24 20 17 -47 51 -10 32 0 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  51 0 0 0 6 0 0 0 123 0 0 0 0 0 0 0 0 0 0 0 9 20 0 71 0 0 0 0 0 0 5 151 0 76 0 0 0 0 0 0 0 0 25 0 0 0 0 21 0 0 0 0 
ET  0 40 21 4 0 7 25 22 0 93 69 49 42 28 16 3 6 13 17 22 0 0 41 0 147 300 9 29 46 192 0 0 106 0 13 82 60 22 17 21 23 4 0 57 6 24 22 0 56 5 32 6 
Ave. ET/day   0 5 3 1 0 1 3 3 0 19 10 5 6 4 5 1 1 2 2 3 0 0 5 0 19 6 1 2 1 3 0 0 13 0 2 8 5 3 2 3 3 1 0 8 1 3 3 0 7 1 5 1 
ΣET  0 40 61 65 65 71 97 119 119 212 281 330 372 400 416 419 425 438 455 477 477 477 518 0 147 447 456 485 530 722 0 0 106 106 119 201 260 282 299 320 343 347 347 404 410 434 456 456 512 517 549 555 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: EIIK54 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
42 22 17 19 39 Loam 
 2013 Wheat   - - - 50-100 1309.0 54 B 
100-
200 
4.9 5.6 177 82.8 - - - - - - - - - - - - - - - - 56 8 8 7 9 8 40 17 43 40 16 25 20 41 Loam 
 2014 Canola   1009.9 1.8 4.2 100-150 1385.8 54 C 
200-
300 
5.1 6.0 123 72.2 - - - - - - - - - - - - - - - - 66 10 8 7 8 8 45 17 38 41 16 27 16 43 Loam 
               150-200 1442.8 54 D 
300-
450 
5.3 6.3 92 62.7 - - - - - - - - - - - - - - - - 68 14 10 7 6 6 56 16 29 42 15 30 13 45 Loam 
               200-250 1494.8                                                                             
               250-300 1522.7                                                                             




Table A-53. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the CWLW sequence under CT. 
 
Table A-54. Individual soil water balance data for the third replicate site of the CWLW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 72                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 18 39 38 38 35 35 39 38 37 42 42 40 42 40 36 32 35 26 20 18 16 16 20 17 40 41 0 0 0 0 27 29 37 39 42 42 41 37 37 38 35 29 29 34 28 35 31 24 33 23 25 15 14 
 20cm 7 40 28 25 24 23 31 28 27 44 43 34 44 31 28 24 19 18 14 14 12 12 15 15 44 43 30 21 19 15 35 34 39 41 42 42 41 40 40 40 39 35 32 38 32 39 35 29 38 29 27 22 19 
 30cm 10 47 46 38 36 36 46 44 42 46 45 45 45 44 41 40 39 37 22 21 18 17 21 21 47 46 27 27 29 26 34 33 41 42 41 42 41 40 40 41 36 35 33 34 29 36 33 27 35 29 25 21 19 
 40cm 13 46 46 44 42 44 46 45 46 46 46 46 45 46 45 45 45 45 37 33 28 27 29 29 48 48 41 41 40 41 40 35 41 41 41 41 40 39 38 39 35 33 32 32 28 33 29 25 30 25 21 18 17 
 50cm 17 47 47 47 46 48 48 48 48 48 48 48 47 48 48 48 49 50 48 46 45 45 47 47 52 52 49 49 48 48 46 45 45 45 45 45 45 44 43 44 44 30 29 30 27 30 28 24 27 23 20 18 18 
 60cm 15 44 43 43 45 49 49 49 49 49 49 49 48 49 48 49 50 51 50 48 47 47 50 49 52 51 53 54 53 53 46 44 44 44 44 44 44 43 43 44 44 44 38 41 40 38 40 36 37 35 31 29 28 
 70cm 14 47 48 47 47 48 48 48 49 49 49 49 48 50 49 50 50 51 52 50 48 48 50 50 52 52 55 55 54 55 46 45 45 45 46 45 45 44 45 45 45 45 39 39 40 39 45 38 38 38 34 30 29 
 80cm 11 28 27 27 41 48 48 48 48 47 46 46 45 46 46 47 47 48 47 46 46 34 36 35 33 50 55 56 55 57 48 48 47 47 48 47 47 46 47 47 48 47 47 43 49 48 52 46 49 48 42 37 37 
 90cm 11 19 21 49 49 50 48 50 51 50 51 51 51 52 52 53 53 55 54 54 53 36 36 41 41 49 52 51 51 53 46 45 45 45 45 45 46 45 46 46 46 46 46 47 48 47 49 45 47 47 34 33 33 
 100cm                                                          
Total SWC 116 357 345 358 366 381 404 398 399 422 420 409 416 406 392 389 388 381 344 330 313 284 305 302 409 432 363 354 349 346 368 358 384 389 394 392 390 379 380 383 372 343 323 338 320 345 342 294 334 297 260 224 213 
∆S  -241 12 -14 -8 -15 -23 6 -1 -23 2 11 -7 10 14 3 1 7 37 14 17 29 -20 2 -107 -23 69 9 5 3 -22 10 -26 -5 -5 2 2 11 -1 -3 11 30 20 -15 18 -26 3 48 -40 38 37 35 11 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  164 0 10 5 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 12 0 0 0 0 14 0 0 0 0 
ET  0 14 0 0 0 5 9 4 42 14 15 20 14 22 6 3 8 37 37 28 40 21 2 47 0 353 10 25 36 98 11 20 3 31 28 12 17 3 0 16 31 21 0 18 5 7 52 0 43 52 35 17 
Ave. ET/day   0 2 0 0 0 1 1 1 5 3 2 2 2 3 2 1 1 5 5 4 6 2 0 8 0 7 1 2 1 2 1 3 0 5 4 1 2 0 0 2 4 4 0 2 1 1 7 0 5 6 5 2 
ΣET  0 14 14 14 14 19 28 32 74 87 103 123 137 159 165 168 176 213 251 279 319 340 342 47 47 400 410 435 472 570 11 31 34 65 93 105 122 124 124 141 172 193 193 210 215 222 275 275 317 369 404 421 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: EIIIK72 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          
72 A 0-100 5.0 5.9 275 78.9 0.54 0.49 0.37 0.37 0.28 0.28 0.17 0.22 - 0.20 0.13 0.18 0.11 0.16 0.04 0.03 47 
 









      
33 15 24 28 39 Clay loam 
 2013 Wheat   4639.1 13.6 13.6 50-100 - 72 B 
100-
200 
5.2 6.3 240 71.2 0.48 0.50 0.33 0.38 0.24 0.29 0.14 0.23 - 0.21 0.11 0.19 0.10 0.17 0.03 0.03 61 
 
13 4 6 7 42 14 44 31 17 22 30 39 Clay loam 
 2014 Canola   1999.2 4.7 8.3 100-150 - 72 C 
200-
300 
5.2 6.5 255 69.4 0.46 0.50 0.29 0.39 0.22 0.31 0.15 0.25 - 0.23 0.12 0.21 0.10 0.19 0.03 0.03 62 
 
17 4 5 6 53 12 36 32 16 18 34 35 Clay loam 
               150-200 - 72 D 
300-
450 
5.5 6.8 293 82.4 0.53 0.53 0.34 0.48 0.28 0.40 0.19 0.34 - 0.32 0.14 0.29 0.13 0.28 0.03 0.02 48 
 
14 2 2 4 64 9 27 22 11 19 48 30 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-55. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the CWLW sequence under NT. 
 
Table A-56. Individual soil water balance data for the first replicate site of the CWLW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 46                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 10 19 16 14 13 16 24 19 16 25 24 21 24 19 16 15 23 13 9 11 9 10 15 10 22 24 21 17 16 8 22 21 27 24 26 28 27 27 21 21 21 17 18 26 16 29 19 15 27 16 18 11 10 
 20cm 20 33 30 25 23 27 35 28 24 36 35 33 35 29 24 21 21 20 16 17 15 16 25 21 38 37 34 30 26 16 25 23 30 28 30 31 30 27 24 23 21 19 18 22 17 30 21 18 29 18 18 13 13 
 30cm 15 27 24 21 19 22 29 22 18 40 33 30 30 26 20 18 16 16 13 13 12 11 18 16 43 40 35 33 29 17 16 15 21 19 21 23 21 19 17 16 14 12 11 11 11 19 14 12 19 12 10 9 8 
 40cm 12 24 21 20 18 19 20 19 15 46 36 30 25 24 17 15 14 13 11 10 9 9 12 11 45 45 23 19 17 9 8 8 10 9 10 18 11 9 8 8 7 6 5 5 5 6 6 6 8 6 5 4 4 
 50cm 9 22 16 16 14 14 13 14 10 46 46 28 18 19 14 11 9 9 7 7 6 6 7 7 45 45 44 42 30 16 9 8 10 10 10 42 29 15 14 14 13 10 8 9 9 8 9 9 10 9 9 8 8 
 60cm 12 41 30 27 25 24 23 22 20 44 44 45 36 33 29 24 19 18 15 14 13 13 14 14 42 43 43 44 37 26 19 19 22 21 27 39 39 26 25 24 22 17 15 15 15 14 15 15 14 14 14 13 13 
 70cm 11 41 40 34 32 30 29 29 27 42 41 41 40 36 32 28 24 23 19 18 17 16 18 18 41 42 41 42 37 27 18 19 22 21 39 39 39 30 28 28 26 20 18 17 16 16 16 16 16 15 15 14 14 
 80cm 12 39 38 37 28 26 25 25 23 41 40 40 39 40 28 27 24 21 18 17 17 16 18 18 40 40 40 40 39 23 17 17 21 20 40 40 40 24 22 21 21 18 16 15 14 14 14 14 13 13 12 12 11 
 90cm 10 41 40 40 29 26 25 26 24 41 41 41 41 41 30 28 27 26 21 20 19 19 20 20 42 42 42 42 40 23 18 18 28 25 38 39 39 31 27 27 26 24 21 20 19 18 18 18 17 16 16 15 14 
 100cm 14 40 39 39 36 31 30 30 29 40 40 41 41 40 38 34 33 33 29 29 28 27 28 28 41 42 40 41 39 28 17 17 34 24 37 38 38 37 23 22 22 21 19 18 16 15 15 15 14 13 13 12 12 
Total SWC 126 327 294 272 238 236 252 234 207 400 383 350 330 306 250 223 211 193 158 157 144 143 176 165 399 400 364 349 310 194 168 166 224 203 277 336 312 245 209 203 193 164 148 158 139 169 146 137 167 132 130 111 105 
∆S  -201 33 22 35 2 -16 18 27 -193 17 33 19 24 57 27 11 18 35 1 13 1 -33 11 -234 -1 36 15 40 116 26 2 -58 21 -74 -59 25 67 36 6 10 29 16 -10 19 -30 23 9 -30 35 3 19 5 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  124 0 0 0 0 0 0 0 128 0 0 0 0 0 0 0 0 0 0 0 0 0 0 81 0 0 0 0 0 0 0 13 0 39 32 0 0 0 0 0 0 0 7 0 0 0 0 4 0 0 0 0 
ET  0 35 25 37 9 11 21 32 0 29 37 47 28 65 31 13 20 36 24 24 12 8 11 0 15 320 16 60 149 146 3 0 30 0 0 34 72 40 8 16 30 16 0 19 1 27 13 0 40 18 19 11 
Ave. ET/day   0 4 4 6 1 1 3 5 0 6 5 5 4 9 10 3 3 5 3 3 2 1 1 0 2 6 2 4 4 2 0 0 4 0 0 3 7 6 1 2 4 3 0 3 0 4 2 0 5 2 3 2 
ΣET  0 35 60 97 106 117 139 171 171 200 237 284 311 376 407 419 439 475 499 523 535 543 555 0 15 335 351 411 560 706 3 3 33 33 33 67 139 179 188 204 234 250 250 269 270 297 311 311 350 368 387 398 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: EIN46 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    









          









      
47 11 21 21 32 Loam 
 2013 Wheat   3566.6 6.4 10.5 50-100 1370.3 46 B 
100-
200 
5.3 6.1 168 82.2 0.47 0.46 0.34 0.31 0.20 0.23 0.15 0.18 0.13 0.16 0.10 0.14 0.08 0.13 0.05 0.04 61 11 10 8 10 8 44 18 38 47 15 17 20 32 Loam 
 2014 Canola   1512.2 3.8 6.3 100-150 1447.3 46 C 
200-
300 
5.5 6.4 116 83.2 0.49 0.46 0.35 0.31 0.21 0.23 0.15 0.18 0.13 0.16 0.10 0.14 0.08 0.13 0.05 0.04 65 13 10 9 10 8 47 17 35 49 10 22 20 32 Loam 
               150-200 1492.7 46 D 
300-
450 
5.7 6.6 126 79.7 0.48 0.45 0.34 0.30 0.21 0.22 0.16 0.17 0.14 0.15 0.10 0.13 0.08 0.11 0.05 0.04 68 12 11 9 9 7 48 19 33 49 10 24 17 34 Loam 
               200-250 1525.3                                                                             
               250-300 1488.5                                                                             




Table A-57. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the CWLW sequence under NT. 
 
Table A-58. Individual soil water balance data for the second replicate site of the CWLW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 53                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 8 14 10 10 9 12 24 16 12 23 23 16 21 11 8 7 15 8 5 7 6 13 12 5 21 20 13 10 9 6 2 1 4 2 4 4 5 6 5 5 5 4 5 10 2 8 6 2 7 4 4 1 2 
 20cm 23 32 27 22 20 25 36 25 21 34 34 24 28 18 15 14 14 15 12 14 13 27 23 16 34 30 26 22 18 15 23 22 33 28 31 31 30 25 20 19 17 14 20 32 11 31 17 10 29 11 21 7 7 
 30cm 13 21 18 15 14 17 23 16 13 22 19 15 13 11 10 9 8 9 8 8 7 10 12 10 26 20 19 17 13 12 18 19 33 28 30 31 28 26 23 21 18 16 21 31 14 29 17 12 25 11 20 8 7 
 40cm 11 20 19 17 16 18 17 15 13 22 19 16 13 12 10 10 9 10 9 8 8 9 10 10 32 23 23 22 17 13 11 12 20 18 19 21 20 20 19 17 15 13 16 25 12 21 13 10 15 9 12 7 6 
 50cm 7 16 15 14 13 14 12 12 11 18 16 14 11 10 9 8 8 8 7 7 7 7 7 7 40 24 23 22 17 13 5 6 10 10 13 15 15 14 14 13 12 10 10 18 9 11 9 8 8 7 7 5 5 
 60cm 8 16 15 14 14 14 13 12 11 30 21 20 17 14 12 12 11 11 10 9 9 10 10 10 40 26 25 25 20 17 6 7 10 11 13 16 14 14 15 14 13 11 10 16 10 9 9 9 8 8 7 6 5 
 70cm 10 19 18 18 19 18 18 17 16 39 29 28 24 21 18 17 17 17 16 15 14 15 16 16 38 33 32 32 27 22 3 4 5 5 6 39 6 6 6 6 6 5 4 5 5 5 4 4 4 4 3 3 3 
 80cm 13 26 25 25 25 24 23 23 22 41 30 27 25 23 21 19 18 19 17 17 16 17 17 18 38 31 30 30 26 23 4 4 5 5 38 39 6 6 5 6 6 5 5 5 5 4 5 4 4 4 4 3 3 
 90cm 9 19 17 16 15 16 15 15 15 41 24 21 20 19 17 17 15 16 15 14 14 14 15 15 40 25 24 23 21 17 5 5 17 7 39 38 9 7 7 7 7 7 6 6 6 5 6 5 5 5 5 4 4 
 100cm 12 32 29 28 28 27 27 26 26 42 35 30 29 28 26 25 24 24 22 21 20 22 22 23 41 33 32 31 29 26 7 7 36 15 36 35 34 18 18 18 18 17 16 15 14 14 14 14 14 13 12 11 11 
Total SWC 112 214 193 178 172 183 208 177 161 313 248 211 200 167 146 138 140 137 120 120 114 144 143 130 350 263 246 235 196 163 84 87 173 127 229 270 167 141 132 125 117 102 113 164 87 137 100 79 118 75 95 55 53 
∆S  -103 22 15 6 -12 -25 30 16 -151 64 37 12 33 20 9 -2 3 17 0 7 -31 1 14 -221 87 17 12 38 33 79 -3 -86 45 -101 -41 103 25 10 6 8 16 -11 -51 77 -50 37 21 -39 43 -20 40 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  26 0 0 0 4 0 0 0 87 0 0 0 0 0 0 1 0 0 0 0 19 0 0 67 0 0 0 0 0 0 2 40 0 66 14 0 0 0 0 0 0 11 48 0 20 0 0 13 0 5 0 0 
ET  0 24 18 9 0 3 34 21 0 76 41 39 37 28 12 0 5 17 23 18 0 42 14 0 102 301 13 59 67 199 0 0 54 0 0 113 31 14 8 14 17 0 0 77 0 41 26 0 48 0 40 7 
Ave. ET/day   0 3 3 2 0 0 4 3 0 16 6 4 5 4 4 0 1 3 3 3 0 4 2 0 13 6 2 4 2 3 0 0 7 0 0 10 3 2 1 2 2 0 0 10 0 6 4 0 6 0 6 1 
ΣET  0 24 42 51 51 54 87 108 108 185 226 265 301 330 342 342 346 363 386 404 404 447 461 0 102 404 416 475 542 741 0 0 54 54 54 166 197 211 219 233 250 250 250 327 327 368 394 394 442 442 482 489 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: EIIN53 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          
53 A 0-100 5.1 5.6 380 91.5 0.60 0.46 0.41 0.32 - 0.24 0.18 0.18 0.18 0.16 0.15 0.14 0.13 0.12 0.06 0.04 61 
 









      
43 13 24 19 37 Loam 
 2013 Wheat   3017.8 6.6 8.8 50-100 1330.0 53 B 
100-
200 
5.1 5.7 237 86.4 0.52 0.47 0.36 0.33 - 0.24 0.18 0.18 0.18 0.16 0.15 0.14 0.14 0.12 0.05 0.04 59 
 
19 7 8 8 45 16 38 42 13 25 19 39 Loam 
 2014 Canola   1687.3 3.4 7.0 100-150 1383.3 53 C 
200-
300 
5.3 6.1 162 75.4 0.55 0.46 0.37 0.33 - 0.23 0.20 0.17 0.21 0.15 0.16 0.13 0.13 0.11 0.05 0.04 66 
 
18 7 8 7 46 17 37 40 14 30 16 44 Loam 
               150-200 1466.8 53 D 
300-
450 
5.3 6.1 147 54.0 0.55 0.44 0.37 0.33 - 0.22 0.22 0.16 0.25 0.13 0.20 0.11 0.18 0.10 0.04 0.04 67 
 
22 7 7 6 52 18 30 42 17 29 12 46 Loam 
               200-250 1542.5                                                                             
               250-300 1600.3                                                                             




Table A-59. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the CWLW sequence under NT. 
 
Table A-60. Individual soil water balance data for the third replicate site of the CWLW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 71                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 6 17 11 11 9 14 21 18 15 41 29 23 22 15 12 11 24 8 4 5 4 8 8 4 28 22 13 10 5 0 26 23 34 32 34 36 35 34 32 32 30 22 23 34 19 34 28 19 33 20 23 14 13 
 20cm 30 37 35 32 30 33 38 34 31 40 40 38 40 36 30 27 34 23 18 17 16 15 22 18 39 37 34 29 27 8 25 22 31 30 30 41 25 23 23 22 21 15 13 21 12 24 17 12 22 13 12 9 9 
 30cm 24 36 34 30 29 31 36 32 28 43 44 37 42 36 31 26 23 21 17 16 15 14 17 16 41 36 36 34 31 8 8 7 21 9 35 46 13 6 6 5 5 4 3 4 3 6 4 3 5 4 3 3 3 
 40cm 10 45 31 29 29 30 32 29 28 45 45 42 44 37 33 28 22 19 15 14 13 13 14 14 42 40 43 40 39 12 28 28 45 45 44 44 44 44 44 44 42 38 31 28 25 27 28 24 34 27 23 22 21 
 50cm 7 48 39 31 31 31 33 33 32 48 48 47 46 47 35 34 32 27 18 17 16 15 17 16 48 48 49 48 46 29 46 46 46 46 45 45 45 45 45 45 45 43 40 37 34 33 35 31 35 32 30 28 27 
 60cm 8 48 49 33 33 33 35 48 34 48 47 47 46 46 46 35 35 34 26 24 22 21 23 22 49 49 49 48 47 34 48 49 48 48 48 47 47 47 47 47 47 47 44 44 42 42 44 40 40 39 38 35 34 
 70cm 8 47 47 43 35 30 47 47 31 46 46 46 45 45 45 39 21 23 23 23 20 19 19 18 47 47 46 46 47 23 48 49 48 48 48 48 48 48 48 47 48 48 34 38 35 38 38 32 35 32 31 28 28 
 80cm 10 44 45 44 45 45 45 45 45 44 44 44 44 44 43 44 42 46 27 28 27 27 29 27 45 46 46 46 46 21 47 47 47 47 47 47 47 46 47 46 47 47 38 22 23 50 26 20 48 19 18 17 16 
 90cm 17 41 41 41 41 42 42 41 41 40 41 41 41 41 41 41 42 43 39 36 35 35 36 35 41 42 43 43 44 43 45 45 45 44 45 44 44 44 45 44 44 45 44 33 22 47 48 19 45 19 16 15 14 
 100cm 19 42 42 41 41 42 42 42 42 41 41 41 41 41 41 41 42 43 42 40 37 37 40 38 42 43 44 44 44 49 45 45 45 45 45 45 45 44 45 45 45 45 44 46 46 47 48 47 46 46 41 39 37 
Total SWC 141 405 374 335 323 329 370 368 326 437 424 407 410 389 357 326 317 288 229 221 204 205 224 209 420 410 403 388 377 227 366 361 410 393 421 441 391 381 381 377 373 353 315 307 261 347 317 249 344 250 234 212 202 
∆S  -264 31 39 12 -6 -41 2 43 -111 13 17 -3 21 32 31 9 29 58 8 17 -1 -19 15 -211 10 7 16 11 150 -139 4 -48 17 -27 -21 50 10 0 5 3 20 38 8 46 -87 31 68 -95 94 15 22 10 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  187 0 0 0 0 13 0 0 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 57 0 0 0 0 0 19 0 3 0 0 0 0 0 0 0 0 0 0 0 0 56 0 0 69 0 0 0 0 
ET  0 33 42 15 1 0 5 47 0 24 21 24 25 40 35 11 30 59 31 28 11 22 15 0 25 291 17 31 184 0 5 0 25 8 6 60 16 4 7 9 21 39 11 46 0 35 72 0 99 30 22 16 
Ave. ET/day   0 4 7 3 0 0 1 7 0 5 3 3 4 6 11 3 5 9 4 4 2 2 2 0 3 5 2 2 4 0 1 0 3 1 1 6 1 1 1 1 3 7 2 6 0 5 10 0 13 4 3 2 
ΣET  0 33 75 90 91 91 96 143 143 168 189 213 238 278 313 323 354 413 444 472 483 505 520 0 25 317 333 365 548 548 5 5 30 38 44 104 120 124 131 140 161 200 211 257 257 292 364 364 463 493 516 531 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: EIIIN71 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          









      
23 21 25 31 46 Clay loam 
 2013 Wheat   5051.8 9.7 14.8 50-100 - 71 B 
100-
200 
5.1 6.0 187 77.8 - - - - - - - - - - - - - - - - 50 7 5 4 5 6 42 15 43 27 20 20 33 40 Clay loam 
 2014 Canola   1972.8 3.7 8.2 100-150 - 71 C 
200-
300 
5.3 6.5 171 84.5 - - - - - - - - - - - - - - - - 48 8 4 2 3 4 57 11 32 21 15 24 40 39 Clay loam 
               150-200 - 71 D 
300-
450 
5.8 7.0 210 82.1 - - - - - - - - - - - - - - - - 54 9 4 3 3 4 59 13 28 23 12 22 42 35 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-61. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WLWC sequence under CT. 
 
Table A-62. Individual soil water balance data for the first replicate site of the WLWC sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 57                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 3 5 3 4 4 5 9 7 6 10 9 6 8 4 4 4 9 3 2 3 2 5 4 2 10 8 3 2 1 3 12 12 26 21 25 26 24 25 20 19 18 14 15 24 12 27 18 13 24 18 20 11 10 
 20cm 20 27 23 19 19 22 29 24 21 30 28 21 23 16 14 14 20 14 12 14 12 14 19 14 32 19 14 11 13 14 18 16 34 30 31 32 30 28 24 22 21 18 16 22 16 29 21 17 29 21 25 18 15 
 30cm 17 26 22 20 18 22 28 22 20 28 27 21 18 16 14 14 13 14 12 13 12 13 17 14 35 20 14 11 11 13 13 13 28 25 26 27 25 23 20 17 16 14 12 13 12 13 14 12 22 15 18 15 12 
 40cm 19 29 27 24 22 24 30 23 22 30 27 23 20 19 17 16 15 16 14 14 13 14 15 14 42 25 16 12 12 14 9 9 25 22 23 24 22 20 17 15 14 13 11 11 10 11 10 10 14 12 12 12 10 
 50cm 13 21 20 18 17 17 21 16 14 22 18 16 14 14 13 12 12 12 10 10 9 9 10 10 44 22 14 10 10 12 6 7 19 17 19 20 18 16 15 13 13 12 10 10 9 10 9 9 8 8 8 9 8 
 60cm 8 12 12 11 10 10 9 9 8 15 11 10 9 9 8 8 7 8 7 6 6 6 7 6 43 14 10 7 7 8 6 6 13 13 16 17 16 15 14 13 12 11 10 10 9 9 9 9 8 8 8 8 7 
 70cm 4 6 6 6 6 5 5 5 5 29 13 11 10 10 9 9 8 9 8 7 7 7 7 7 39 16 16 12 13 13 5 5 6 7 11 12 11 11 10 9 8 8 7 7 7 7 6 6 6 5 5 5 5 
 80cm 6 9 9 8 8 8 8 7 7 42 19 17 14 13 12 12 12 12 11 10 10 10 10 10 38 26 22 16 17 19 5 5 5 5 9 10 9 9 9 8 8 7 6 7 6 6 6 6 5 5 5 5 5 
 90cm 6 8 8 8 8 8 8 7 7 42 25 22 18 17 16 15 15 16 15 14 13 13 14 14 38 29 26 21 22 23 7 8 8 8 14 18 14 13 13 12 11 10 9 9 9 8 8 8 8 8 7 7 7 
 100cm 7 15 15 14 14 14 14 13 12 42 22 20 16 15 14 14 14 14 13 12 11 11 12 13 40 30 29 23 24 24 10 11 11 13 19 39 25 23 23 23 22 20 18 18 17 17 17 16 16 15 15 15 14 
Total SWC 103 157 145 132 126 136 162 133 123 290 200 166 149 132 121 117 125 115 104 104 95 101 115 104 361 210 164 124 130 143 91 92 175 160 194 223 194 182 165 152 143 125 114 132 107 136 118 108 141 114 123 103 94 
∆S  -53 11 13 6 -10 -26 29 11 -167 89 34 17 17 11 4 -8 9 11 0 9 -7 -14 11 -257 151 46 40 -6 -12 51 -1 -83 15 -34 -29 30 11 17 13 10 18 11 -18 26 -29 18 11 -33 27 -8 20 10 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  0 0 0 0 3 0 0 0 102 0 0 0 0 0 0 7 0 0 0 0 0 0 0 103 0 0 0 0 0 0 0 38 0 0 3 0 0 0 0 0 0 0 15 0 0 0 0 7 0 0 0 0 
ET  24 13 16 9 0 2 32 16 0 101 38 44 21 19 8 0 11 12 23 20 5 27 11 0 166 331 41 14 21 171 1 0 24 2 0 39 17 21 15 15 19 11 0 26 1 22 15 0 32 7 20 15 
Ave. ET/day   2 2 3 2 0 0 4 2 0 21 6 5 3 3 3 0 2 2 3 3 1 2 1 0 21 6 6 1 1 3 0 0 3 0 0 4 2 3 2 2 2 2 0 3 0 3 2 0 4 1 3 2 
ΣET  24 37 53 62 62 64 95 111 111 212 250 295 316 335 343 343 354 365 389 409 414 441 452 0 166 497 538 552 573 744 1 1 24 26 26 65 82 103 119 134 153 164 164 190 191 213 228 228 259 266 285 301 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: FIK57 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
42 16 22 20 38 Loam 
 2013 Canola   2150.1 4.8 6.3 50-100 - 57 B 
100-
200 
5.2 5.9 171 89.8 - - - - - - - - - - - - - - - - 60 10 8 6 8 9 44 15 41 40 20 20 19 41 Loam 
 2014 Wheat   3576.6 11.9 14.9 100-150 - 57 C 
200-
300 
5.4 6.2 150 86.6 - - - - - - - - - - - - - - - - 64 14 8 6 7 8 52 13 34 42 17 24 18 41 Loam 
               150-200 - 57 D 
300-
450 
5.4 6.3 130 75.4 - - - - - - - - - - - - - - - - 69 15 9 6 6 7 57 13 29 41 17 27 15 44 Loam 
               200-250 -                                                                             
               250-300 -                                                                             




Table A-63. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WLWC sequence under CT. 
 
Table A-64. Individual soil water balance data for the second replicate site of the WLWC sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 68                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 12 16 13 11 11 13 22 17 15 23 24 19 23 18 15 13 22 11 8 8 7 8 10 6 26 26 18 11 13 14 9 8 19 14 18 19 18 19 16 14 13 8 9 19 6 19 14 5 16 7 7 2 4 
 20cm 28 32 29 25 25 29 34 28 27 35 34 31 34 30 25 23 22 20 15 15 14 13 16 14 40 37 29 18 18 19 18 17 31 28 31 32 30 28 23 21 19 14 12 22 11 29 16 10 26 10 14 8 7 
 30cm 29 32 31 28 27 30 31 29 27 34 34 31 33 30 26 24 22 21 16 16 14 14 15 14 44 41 33 25 20 21 12 13 26 23 25 26 23 21 17 15 14 11 9 10 9 12 11 8 18 8 8 7 6 
 40cm 22 26 25 23 22 23 23 21 20 37 30 27 26 25 22 20 19 17 14 13 12 11 12 11 47 47 31 25 16 16 15 16 30 28 30 31 29 26 22 19 17 14 12 13 11 11 12 11 14 10 9 9 8 
 50cm 17 23 22 21 20 20 19 18 17 47 33 28 25 24 22 20 18 16 14 13 12 11 12 12 45 43 34 29 28 26 17 17 31 29 30 32 30 28 24 21 19 16 14 15 13 13 14 13 13 12 11 11 10 
 60cm 12 19 19 18 17 17 16 16 15 47 38 26 23 23 21 19 18 16 15 13 12 11 12 12 45 45 40 30 24 22 11 13 26 24 26 37 29 24 21 18 16 13 11 12 11 10 11 10 10 9 8 8 8 
 70cm 15 22 22 21 20 20 20 20 19 44 45 35 30 29 27 26 25 22 20 19 18 17 18 17 42 41 44 39 32 29 15 16 26 25 27 41 41 32 28 25 22 19 16 17 15 15 16 15 14 13 13 13 12 
 80cm 15 33 23 21 21 21 21 21 21 43 44 44 27 26 25 24 23 21 19 18 17 16 17 17 42 41 43 43 30 28 13 13 21 20 41 41 41 28 24 22 20 17 15 16 14 14 14 14 13 12 12 12 11 
 90cm 14 41 41 28 27 26 26 26 26 42 44 44 33 31 29 28 28 26 23 22 22 21 22 22 42 41 43 43 32 31 14 15 22 21 40 40 40 40 30 28 26 23 21 21 19 19 19 18 18 17 16 16 15 
 100cm 14 43 42 36 33 32 32 31 31 44 45 45 44 34 33 32 32 30 27 26 25 25 26 25 46 45 46 45 35 34 16 16 23 24 40 41 40 40 32 30 29 27 24 24 22 21 22 20 20 19 18 18 17 
Total SWC 178 289 268 233 223 231 245 227 217 397 369 330 297 270 245 228 228 202 169 162 152 148 162 149 419 407 361 308 248 239 140 145 255 235 307 339 322 286 237 213 195 162 144 167 131 162 148 123 162 118 118 103 101 
∆S  -111 21 35 10 -8 -13 17 10 -180 28 38 33 27 26 17 0 27 33 7 10 4 -14 13 -269 12 46 53 60 9 99 -5 -111 20 -72 -31 16 36 49 25 17 33 18 -23 36 -31 14 25 -39 45 0 15 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  34 0 0 0 1 0 0 0 115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 116 0 0 0 0 0 0 4 65 0 37 5 0 0 0 0 0 0 0 20 0 1 0 0 13 0 0 0 0 
ET  0 23 38 12 0 15 21 15 0 40 43 61 31 33 20 1 28 33 30 21 16 27 13 0 27 330 54 81 42 219 0 0 28 0 0 26 41 53 27 23 34 19 0 36 0 18 29 0 50 14 15 8 
Ave. ET/day   0 3 6 2 0 2 3 2 0 8 6 7 4 5 7 0 4 5 4 3 2 2 2 0 3 6 8 5 1 4 0 0 4 0 0 2 4 8 4 3 4 3 0 5 0 3 4 0 6 2 2 1 
ΣET  0 23 61 73 73 88 109 124 124 163 206 266 297 331 351 352 380 413 443 464 480 507 520 0 27 357 411 492 534 754 0 0 28 28 28 54 95 149 176 198 233 252 252 288 288 306 335 335 385 399 414 422 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: FIIK68 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
41 21 19 19 40 Loam 
 2013 Canola   1923.2 3.7 5.6 50-100 1380.0 68 B 
100-
200 
5.1 5.9 143 83.9 - - - - - - - - - - - - - - - - 55 11 8 7 10 10 41 16 43 46 20 16 18 36 Loam 
 2014 Wheat   3713.1 8.8 15.5 100-150 1433.0 68 C 
200-
300 
5.3 6.3 99 76.3 - - - - - - - - - - - - - - - - 59 11 6 5 8 9 45 13 43 39 27 19 15 46 Loam 
               150-200 1470.5 68 D 
300-
450 
5.6 6.8 106 74.4 - - - - - - - - - - - - - - - - 64 16 9 6 7 7 56 14 31 46 19 20 14 39 Loam 
               200-250 1517.8                                                                             
               250-300 1563.3                                                                             




Table A-65. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WLWC sequence under CT. 
 
Table A-66. Individual soil water balance data for the third replicate site of the WLWC sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 76                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 13 33 33 32 31 33 35 33 32 38 36 35 34 32 24 22 20 19 15 13 12 11 13 11 35 34 0 0 0 0 37 36 39 42 42 43 41 40 41 41 39 32 27 37 18 36 24 14 33 16 17 11 11 
 20cm 9 32 32 31 32 32 36 35 33 38 37 34 35 34 30 28 25 26 19 18 15 15 17 15 37 35 17 12 16 16 35 35 44 43 44 45 40 39 40 40 39 31 25 29 22 35 26 19 32 20 20 18 17 
 30cm 13 39 39 37 38 40 41 41 41 43 41 40 42 41 39 39 40 41 33 30 24 22 23 22 43 42 28 22 25 24 33 34 52 48 51 53 51 28 27 27 27 24 22 20 18 21 21 17 24 20 17 16 15 
 40cm 17 41 42 41 43 43 43 43 44 44 43 44 43 44 43 44 44 46 48 46 36 33 34 31 48 48 44 42 44 43 24 23 54 53 53 54 52 52 46 46 47 44 41 38 37 35 38 34 39 38 35 34 33 
 50cm 23 44 46 44 46 45 45 45 46 45 45 46 45 46 46 46 46 47 47 47 45 45 49 45 50 50 51 49 49 49 54 37 54 54 54 54 53 53 53 53 52 46 44 43 41 42 44 40 44 44 40 40 38 
 60cm 24 45 47 45 46 45 45 45 46 46 46 46 45 46 45 46 46 47 47 47 46 47 49 48 48 48 50 50 49 51 55 55 56 55 56 56 55 55 56 55 57 37 32 32 32 33 43 33 57 36 32 31 29 
 70cm 21 43 44 42 43 43 43 42 43 43 43 43 42 43 43 43 43 44 44 44 43 45 46 45 45 45 49 49 49 50 53 53 54 54 54 54 53 53 54 54 55 54 42 42 45 48 58 47 56 56 48 47 44 
 80cm                            46 46 46 47 54 54 54 55 55 55 54 54 55 55 56 55 55 33 55 56 58 52 56 56 56 56 51 
 90cm                                52 52 52 52 52 52 52 52 52 53 53 53 52 54 53 54 55 54 53 53 53 53 51 
 100cm                                52 52 52 52 52 52 52 51 52 51 53 51 50 52 51 54 54 53 53 52 52 51 50 
Total SWC 121 277 284 274 278 281 289 284 285 296 290 288 286 285 271 266 264 270 253 245 220 218 232 217 307 303 286 270 279 279 449 431 511 509 514 517 502 479 475 476 478 427 389 379 372 412 421 362 447 389 369 358 341 
∆S  -156 -7 9 -4 -2 -8 5 -1 -12 6 2 2 1 14 5 2 -6 17 8 25 3 -14 15 -90 4 16 17 -9 0 -170 18 -80 2 -5 -3 14 23 4 0 -3 51 38 10 7 -40 -9 59 -85 58 21 11 17 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  79 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 49 0 34 0 0 0 0 0 0 0 0 0 0 0 0 10 5 0 58 0 0 0 0 
ET  0 0 12 0 5 19 8 4 53 18 6 30 5 22 8 4 0 17 31 36 14 27 15 63 20 301 18 12 33 0 19 0 10 30 24 24 29 8 2 3 53 39 13 7 0 0 63 0 63 36 11 23 
Ave. ET/day   0 0 2 0 1 2 1 1 7 4 1 3 1 3 3 1 0 2 4 5 2 2 2 11 2 6 3 1 1 0 2 0 1 5 4 2 3 1 0 0 6 7 2 1 0 0 9 0 8 4 2 3 
ΣET  0 0 12 12 17 36 45 49 102 120 126 156 160 182 190 194 194 211 243 279 293 320 335 63 83 384 401 413 446 446 19 19 29 59 84 107 136 144 146 149 202 241 253 260 260 260 323 323 386 422 433 455 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: FIIIK76 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
30 23 16 31 39 Clay loam 
 2013 Canola   1647.3 4.9 4.8 50-100 - 76 B 
100-
200 
5.3 6.3 298 62.5 - - - - - - - - - - - - - - - - 53 7 5 4 6 8 39 13 48 30 21 17 31 38 Clay loam 
 2014 Wheat   3737.4 8.2 15.6 100-150 - 76 C 
200-
300 
5.3 6.3 356 77.4 - - - - - - - - - - - - - - - - 48 15 6 3 4 4 67 8 25 32 18 10 41 28 Clay  
               150-200 - 76 D 
300-
450 
5.6 6.6 582 88.7 - - - - - - - - - - - - - - - - 39 8 3 1 2 3 65 8 27 17 13 8 62 22 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-67. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the WLWC sequence under NT. 
 
Table A-68. Individual soil water balance data for the first replicate site of the WLWC sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 58                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 14 21 17 16 15 17 26 20 17 27 27 26 25 23 17 15 23 13 9 9 7 11 13 9 25 26 10 8 12 9 17 17 27 24 26 28 26 25 21 20 19 14 16 26 12 28 18 12 25 18 14 21 17 
 20cm 24 29 27 24 24 26 31 26 24 32 31 29 32 29 24 22 20 19 15 14 13 14 17 16 33 30 17 16 19 19 22 22 34 32 33 33 31 28 24 22 21 17 16 24 15 31 21 17 30 21 24 29 27 
 30cm 11 15 14 13 12 14 17 14 12 17 16 15 17 15 12 11 10 10 8 7 7 7 8 8 20 17 10 10 10 12 20 22 35 33 34 34 32 29 25 23 21 18 16 18 16 28 21 18 30 21 11 15 14 
 40cm 11 16 15 13 13 15 17 14 13 18 16 16 17 15 12 11 10 10 8 8 7 7 8 7 28 17 11 11 11 12 14 15 30 28 29 29 27 24 21 19 17 15 14 14 13 14 14 13 23 16 11 16 15 
 50cm 11 16 15 15 14 15 16 15 14 16 14 14 13 13 11 10 9 9 8 7 7 7 7 7 45 15 10 10 10 10 9 8 18 17 17 18 17 16 15 13 12 11 10 10 10 10 10 10 12 10 11 16 15 
 60cm 11 14 14 13 13 14 14 14 13 18 7 7 7 7 6 5 5 5 4 4 4 4 4 4 45 12 7 7 7 8 6 7 17 15 16 22 15 14 14 12 11 10 9 9 9 9 8 8 8 8 11 14 14 
 70cm 14 10 10 9 9 9 9 9 9 43 20 20 18 18 16 14 13 13 11 11 10 10 10 10 41 29 17 16 18 18 4 5 10 9 9 40 8 7 7 7 7 6 5 6 5 5 5 5 5 5 14 10 10 
 80cm 11 23 19 18 18 18 18 18 17 42 22 21 19 20 17 16 15 15 13 12 11 11 12 11 38 28 18 17 18 18 7 8 18 17 39 38 35 16 16 16 15 13 12 13 12 12 12 12 11 11 11 23 19 
 90cm 11 41 20 19 19 19 19 19 19 43 34 21 20 20 18 16 16 15 13 13 12 12 12 12 39 39 21 20 20 20 6 7 38 36 39 39 39 13 13 13 13 12 11 11 11 10 10 11 10 9 11 41 20 
 100cm 8 41 15 15 15 15 15 15 15 42 42 16 16 16 15 14 14 13 12 11 11 10 11 11 41 41 21 18 17 17 6 7 40 40 40 39 39 17 17 17 17 16 15 15 14 14 14 15 14 13 8 41 15 
Total SWC 127 226 166 155 150 163 181 164 152 299 231 185 184 176 148 134 134 122 101 96 90 93 102 95 354 254 142 131 141 142 111 118 266 249 284 320 268 191 173 162 152 132 124 148 118 162 133 121 167 131 127 226 166 
∆S  -99 60 11 5 -13 -18 17 11 -146 68 46 1 8 28 14 0 12 21 5 6 -3 -9 7 -259 101 112 10 -10 -1 31 -6 -149 17 -34 -37 52 78 17 12 10 20 8 -24 30 -45 29 12 -46 36  -99 60 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5  77 2 
U  22 0 0 0 6 0 0 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 106 0 0 0 0 0 0 5 103 0 0 10 0 0 0 0 0 0 0 21 0 14 0 0 20 0  22 0 
ET  0 62 14 7 0 10 21 16 0 80 50 28 12 36 18 1 14 21 28 18 8 32 7 0 116 396 11 11 32 151 0 0 25 1 0 62 83 21 14 15 21 9 0 30 0 33 17 0 41  0 62 
Ave. ET/day   0 8 2 1 0 1 3 2 0 16 7 3 2 5 6 0 2 3 4 3 1 3 1 0 15 7 2 1 1 3 0 0 3 0 0 6 8 3 2 2 3 2 0 4 0 5 2 0 5  0 8 
ΣET  0 62 77 84 84 94 115 130 130 210 261 289 300 336 354 355 369 390 418 436 444 476 483 0 116 512 524 534 567 718 0 0 25 26 26 88 171 192 206 222 243 252 252 282 282 315 331 331 372  0 62 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: FIN58 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          









      
42 19 20 19 39 Loam 
 2013 Canola   1553.9 3.2 4.6 50-100 - 58 B 
100-
200 
4.9 5.8 116 88.5 - - - - - - - - - - - - - - - - 68 11 7 5 7 8 48 13 39 39 24 20 17 44 Loam 
 2014 Wheat   2819.0 7.0 11.8 100-150 - 58 C 
200-
300 
5.2 6.1 103 75.0 - - - - - - - - - - - - - - - - 70 14 9 6 6 6 57 14 29 41 12 31 16 43 Loam 
               150-200 - 58 D 
300-
450 
5.3 6.4 84 70.7 - - - - - - - - - - - - - - - - 72 11 9 6 6 6 52 16 32 39 21 28 13 48 Loam 
               200-250 -                                                                             
               250-300 -                                                                             




Table A-69. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the WLWC sequence under NT. 
 
Table A-70. Individual soil water balance data for the second replicate site of the WLWC sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 67                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 11 19 16 14 13 15 24 16 14 24 25 24 25 19 15 12 22 11 7 9 5 12 13 6 30 28 24 20 18 14 17 15 24 19 22 25 21 25 22 20 19 15 16 26 14 26 23 14 23 19 17 9 11 
 20cm 31 36 32 28 26 29 36 32 28 36 36 32 34 27 22 19 18 17 14 15 13 14 21 16 42 38 33 30 27 23 21 18 27 24 28 28 26 25 20 19 18 15 14 24 14 27 19 14 25 16 17 12 12 
 30cm 21 24 22 20 18 21 25 22 20 31 28 24 25 21 17 15 13 13 10 10 10 10 14 12 45 35 27 25 23 21 17 16 23 20 23 24 24 21 17 16 15 13 12 13 11 14 13 11 19 13 11 10 10 
 40cm 10 12 12 12 12 13 16 14 15 48 22 18 18 15 12 11 10 9 7 7 7 7 9 8 48 47 20 19 17 16 21 21 26 25 26 27 28 26 22 20 19 17 15 15 14 14 14 14 17 14 13 13 12 
 50cm 11 14 13 14 15 16 19 18 17 47 44 21 20 19 15 13 12 11 9 9 8 8 9 9 47 47 24 22 21 20 20 20 25 24 25 28 26 24 22 19 18 16 14 14 14 14 14 13 13 13 12 12 12 
 60cm 13 17 17 17 17 18 18 18 19 47 49 25 23 23 18 16 16 15 13 13 13 12 13 13 46 47 31 27 26 24 13 13 15 15 15 45 21 10 9 8 7 6 5 6 6 5 6 6 5 5 5 5 4 
 70cm 11 12 12 13 12 12 13 13 14 46 48 16 14 15 14 14 14 12 11 11 10 10 10 10 47 47 47 26 22 21 12 12 13 13 21 45 44 11 10 9 8 7 6 6 6 6 6 6 5 5 5 5 5 
 80cm 9 13 10 10 10 10 10 10 10 45 46 33 12 12 12 12 13 12 11 10 8 9 10 9 47 46 47 43 25 24 8 8 10 9 44 44 42 30 24 23 21 17 14 14 13 13 13 13 12 12 11 11 11 
 90cm 8 46 11 10 8 10 10 9 10 45 45 45 22 22 21 20 22 22 21 20 18 18 19 19 46 46 47 46 25 24 4 4 4 4 44 43 43 43 26 23 22 18 15 15 14 14 14 14 13 13 12 12 12 
 100cm 11 45 44 17 15 16 16 16 16 44 44 44 30 27 26 26 27 27 26 25 24 23 24 23 45 45 46 45 32 31 5 5 6 5 43 44 43 43 43 24 22 18 16 15 14 14 14 13 13 13 12 12 12 
Total SWC 136 237 190 153 147 159 187 168 162 414 387 282 225 199 171 157 167 149 130 130 116 124 142 124 441 427 346 303 235 217 137 132 174 158 290 352 319 258 215 182 169 142 129 148 119 148 138 117 147 120 116 101 99 
∆S  -101 47 37 7 -13 -28 19 5 -252 27 105 58 26 28 14 -11 19 19 0 14 -8 -18 18 -317 14 82 42 69 17 80 5 -42 15 -131 -63 33 61 43 34 13 28 13 -20 29 -29 10 21 -30 27 5 15 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  24 0 0 0 5 0 0 0 187 0 0 0 0 0 0 9 0 0 0 0 0 0 0 164 0 0 0 0 0 0 0 0 0 96 36 0 0 0 0 0 0 0 17 0 0 0 0 3 0 0 0 0 
ET  0 49 40 9 0 0 23 10 0 39 109 85 30 36 18 0 20 19 23 25 4 23 18 0 29 366 43 89 51 200 6 4 24 0 0 43 67 47 36 18 29 14 0 29 1 14 25 0 32 20 15 7 
Ave. ET/day   0 6 7 2 0 0 3 1 0 8 16 9 4 5 6 0 3 3 3 4 1 2 2 0 4 7 6 6 1 3 1 1 3 0 0 4 6 7 5 3 4 2 0 4 0 2 4 0 4 2 2 1 
ΣET  0 49 89 98 98 98 121 131 131 170 279 364 394 429 447 447 467 486 509 535 538 561 579 0 29 395 439 528 579 779 6 10 34 34 34 76 143 190 226 244 273 287 287 316 317 331 356 356 388 407 423 430 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: FIIN67 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          









      
42 15 55 18 39 Loam 
 2013 Canola   484.6 0.8 1.4 50-100 1395.8 67 B 
100-
200 
5.0 5.9 148 73.6 - - - - - - - - - - - - - - - - 58 16 10 7 8 9 52 14 34 49 14 19 18 33 Loam 
 2014 Wheat   3881.4 9.0 16.2 100-150 1446.5 67 C 
200-
300 
5.2 6.2 108 81.4 - - - - - - - - - - - - - - - - 66 9 6 5 8 9 41 13 46 36 22 23 19 45 Loam 
               150-200 1491.3 67 D 
300-
450 
5.3 6.6 107 60.1 - - - - - - - - - - - - - - - - 66 14 9 7 8 8 51 15 34 46 20 18 16 38 Loam 
               200-250 1510.3                                                                             
               250-300 1555.0                                                                             




Table A-71. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the WLWC sequence under NT. 
 
Table A-72. Individual soil water balance data for the third replicate site of the WLWC sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 75                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 27 33 32 31 31 31 34 31 30 36 35 34 33 31 27 22 25 17 13 14 12 13 15 12 33 28 15 11 16 16 22 21 34 33 34 36 35 33 32 31 28 22 21 31 16 32 23 14 31 17 24 13 14 
 20cm 27 32 32 31 30 31 34 32 31 33 34 32 32 31 28 25 22 22 16 17 15 16 18 16 33 29 24 18 24 26 22 23 37 35 38 40 37 35 36 34 30 24 21 24 18 29 23 17 31 18 23 18 17 
 30cm 14 28 21 16 17 17 42 17 16 44 44 20 23 18 17 15 13 12 10 9 9 8 10 9 30 22 22 16 19 19 15 18 43 21 37 38 41 24 21 20 17 13 12 12 11 11 12 10 14 10 12 10 10 
 40cm 15 47 49 15 14 17 50 23 13 49 49 17 48 16 15 15 14 13 12 11 11 11 12 10 50 51 16 16 16 15 17 21 47 48 47 47 47 47 27 27 26 23 21 22 19 19 21 18 20 18 17 17 17 
 50cm 14 48 49 48 47 48 50 49 37 48 49 48 47 41 32 30 30 29 28 26 26 25 27 26 51 51 44 35 36 28 12 14 49 50 48 48 49 49 50 41 26 22 22 23 21 22 22 20 20 19 18 18 18 
 60cm 13 49 50 49 49 49 50 50 50 50 50 50 49 50 50 34 34 35 32 31 30 31 32 32 51 51 51 51 53 35 9 17 50 50 48 48 49 48 49 50 50 30 30 31 32 32 33 31 30 30 29 29 28 
 70cm 12 49 50 50 49 50 52 50 50 51 51 50 49 50 50 50 35 43 27 25 25 26 27 26 52 52 51 51 53 31 51 50 50 49 48 48 48 48 48 49 49 47 40 41 41 41 43 42 40 40 40 39 38 
 80cm 13 48 49 48 49 49 50 49 49 50 50 49 49 50 49 49 50 52 38 38 36 37 38 39 50 50 50 50 51 50 49 48 48 49 48 48 48 47 47 48 48 48 31 30 32 31 32 32 30 30 30 29 28 
 90cm                                48 47 48 47 47 47 47 46 46 47 47 46 46 47 47 45 49 48 47 47 47 46 45 
 100cm                                47 46 47 46 46 47 46 45 46 46 47 46 46 47 47 47 49 49 48 48 48 48 47 
Total SWC 136 334 331 288 284 292 364 301 275 362 362 300 329 286 269 241 223 223 175 172 165 168 178 168 349 334 275 249 267 220 291 306 454 427 442 447 447 423 403 394 368 321 288 307 285 310 307 281 311 278 288 268 259 
∆S  -198 4 42 4 -8 -72 62 26 -86 0 61 -28 43 17 28 18 0 48 3 7 -3 -10 9 -181 15 59 26 -19 47 -71 -14 -148 27 -15 -6 1 24 20 10 26 47 33 -19 21 -24 2 26 -30 33 -10 20 9 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  121 0 0 0 1 44 0 0 21 0 0 1 0 0 0 0 0 0 0 0 0 0 0 27 0 0 0 0 0 0 13 103 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 3 0 0 0 0 
ET  0 6 45 7 0 0 66 31 0 12 65 0 47 25 31 19 2 48 26 18 9 31 9 0 31 343 27 2 81 49 0 0 35 21 21 10 29 24 12 31 48 34 0 21 6 6 30 0 39 5 20 14 
Ave. ET/day   0 1 8 1 0 0 8 4 0 2 9 0 7 4 10 5 0 7 3 3 1 3 1 0 4 6 4 0 2 1 0 0 4 4 3 1 3 3 2 5 6 6 0 3 1 1 4 0 5 1 3 2 
ΣET  0 6 51 58 58 58 124 154 154 166 232 232 278 303 335 354 355 403 430 448 457 488 497 0 31 374 402 403 484 533 0 0 35 56 77 87 116 140 152 184 232 266 266 287 293 299 329 329 368 373 393 407 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: FIIIN75 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          
75 A 0-100 5.7 6.4 494 78.2 0.55 0.49 0.38 0.36 0.30 0.28 0.21 0.22 - 0.19 0.15 0.17 0.18 0.16 0.03 0.03 43 
 









      
35 13 25 27 37 Clay loam 
 2013 Canola   2258.3 4.5 6.6 50-100 - 75 B 
100-
200 
5.8 6.7 373 66.2 0.53 0.49 0.36 0.37 0.29 0.29 0.18 0.23 - 0.20 0.14 0.18 0.16 0.16 0.03 0.03 51 
 
16 4 6 7 47 13 41 34 13 24 29 37 Clay loam 
 2014 Wheat   4007.7 9.8 16.7 100-150 - 75 C 
200-
300 
5.9 7.1 287 78.5 0.48 0.50 0.29 0.39 - 0.31 0.16 0.25 0.18 0.23 0.16 0.21 0.17 0.19 0.02 0.03 47 
 
21 3 4 5 64 10 27 33 30 3 34 33 Clay loam 
               150-200 - 75 D 
300-
450 
6.5 7.9 429 77.2 0.52 0.54 0.32 0.53 - 0.46 0.19 0.40 0.21 0.38 0.19 0.36 0.19 0.34 0.02 0.02 52 
 
12 2 2 2 69 9 22 18 7 17 58 24 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-73. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the LWCW sequence under CT. 
 
Table A-74. Individual soil water balance data for the first replicate site of the LWCW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 52                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 11 28 22 17 14 18 30 17 14 31 31 21 25 14 11 10 12 10 8 10 8 17 17 12 29 28 1 1 0 0 20 20 33 27 31 31 29 28 19 17 17 13 15 30 13 32 16 12 28 13 21 14 14 
 20cm 11 27 22 18 16 17 24 16 14 31 27 20 17 14 11 10 9 9 8 8 7 16 13 12 31 26 23 21 21 6 24 23 34 31 35 33 33 26 21 20 18 15 15 27 15 32 19 15 28 15 21 17 16 
 30cm 10 24 20 17 16 16 16 14 13 26 21 17 14 13 11 10 9 9 8 7 7 10 10 10 30 24 26 24 23 9 19 20 31 28 31 30 29 23 20 17 16 14 13 15 13 19 16 13 17 13 13 13 13 
 40cm 5 9 8 7 7 7 6 6 6 13 10 8 7 7 6 5 5 5 5 4 4 5 5 5 16 12 24 23 20 8 15 16 27 23 25 26 24 21 18 15 13 12 11 11 11 11 11 11 11 10 10 10 10 
 50cm 5 10 10 9 8 7 7 7 7 14 12 9 8 8 7 7 6 6 6 6 5 6 6 6 29 19 15 15 12 7 10 11 16 14 15 15 14 13 13 11 10 9 7 8 8 7 8 8 7 7 6 6 6 
 60cm 6 10 9 9 8 8 8 7 8 15 12 11 9 9 9 8 7 8 7 7 6 7 7 7 40 18 23 23 19 14 7 8 10 10 10 11 10 10 10 9 8 7 6 7 6 6 6 6 6 6 5 5 5 
 70cm 5 8 7 7 7 6 6 6 6 30 11 11 10 9 9 9 8 8 8 7 7 8 8 8 37 17 19 19 17 13 3 4 5 4 5 10 4 4 4 5 4 4 3 4 3 3 3 3 3 3 3 3 2 
 80cm 5 7 7 7 6 6 6 6 6 41 11 11 10 9 9 9 8 9 8 7 7 8 8 8 40 22 16 15 14 12 3 3 4 4 6 40 4 4 4 4 4 4 3 4 3 3 3 3 3 3 3 3 3 
 90cm 6 9 8 8 8 8 8 7 8 39 22 21 20 19 18 17 16 17 15 14 13 14 15 14 36 26 25 25 23 10 4 5 6 5 39 38 15 10 9 9 8 7 7 7 7 7 7 7 7 6 6 6 5 
 100cm                                                          
Total SWC 64 131 114 99 90 93 111 87 81 239 157 129 120 102 92 86 81 81 71 71 64 91 89 82 253 169 173 164 149 79 106 110 166 147 197 233 164 140 119 108 98 85 81 113 79 120 90 78 110 76 88 76 74 
∆S  -67 16 15 9 -3 -18 24 6 -158 83 28 9 18 10 6 4 0 10 1 7 -27 2 8 -171 84 -4 8 15 70 -27 -4 -56 19 -50 -35 69 24 21 11 10 12 4 -32 35 -41 30 12 -32 34 -12 12 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  0 0 0 0 0 0 0 0 94 0 0 0 0 0 0 0 0 0 0 0 16 0 0 18 0 0 0 0 0 0 3 10 0 15 9 0 0 0 0 0 0 0 29 0 11 0 0 6 0 0 0 0 
ET  10 18 18 11 4 9 28 11 0 95 32 36 22 18 10 6 2 10 24 18 0 43 8 0 100 280 9 36 104 93 0 0 27 0 0 79 30 25 13 16 14 5 0 35 0 34 16 0 40 3 12 7 
Ave. ET/day   1 2 3 2 1 1 4 2 0 19 5 4 3 3 3 1 0 1 3 3 0 4 1 0 13 5 1 2 3 2 0 0 3 0 0 7 3 4 2 2 2 1 0 5 0 5 2 0 5 0 2 1 
ΣET  10 29 47 58 63 72 100 111 111 205 237 273 295 313 323 328 330 340 364 382 382 425 433 0 100 380 389 425 529 622 0 0 27 27 27 106 135 160 173 189 203 208 208 242 242 276 293 293 332 335 347 354 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: GIK52 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          









      
41 11 29 20 40 Loam 
 2013 Wheat   1263.4 2.9 3.7 50-100 1353.8 52 B 
100-
200 
5.0 5.6 198 76.1 - - - - - - - - - - - - - - - - 56 9 9 7 8 8 44 16 40 41 19 22 18 41 Loam 
 2014 Lupines  - - - 100-150 1407.5 52 C 
200-
300 
5.0 5.9 129 71.3 - - - - - - - - - - - - - - - - 63 14 9 7 8 7 51 16 33 45 13 26 16 39 Loam 
               150-200 1446.5 52 D 
300-
450 
5.2 6.2 91 58.6 - - - - - - - - - - - - - - - - 63 12 9 6 6 6 53 16 31 38 15 32 14 47 Loam 
               200-250 1504.5                                                                             
               250-300 1578.5                                                                             




Table A-75. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the LWCW sequence under CT. 
 
Table A-76. Individual soil water balance data for the second replicate site of the LWCW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 69                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 22 33 30 26 25 29 36 29 25 36 36 31 35 28 23 19 27 18 13 14 11 12 22 15 37 37 2 2 1 1 24 22 27 25 27 28 26 25 20 19 19 15 16 24 13 26 16 12 24 13 18 14 13 
 20cm 21 31 28 25 24 27 31 26 23 34 33 30 31 25 20 18 17 16 13 13 11 11 17 14 42 38 36 33 29 15 17 16 23 21 23 24 23 19 16 15 14 12 11 15 10 20 13 9 21 11 11 11 10 
 30cm 14 26 24 23 22 23 27 23 20 42 38 30 28 25 18 15 14 13 11 10 9 9 11 11 41 43 34 32 29 16 10 11 15 14 14 15 15 14 13 12 11 9 8 8 8 8 9 7 11 8 7 7 7 
 40cm 11 21 20 19 19 20 20 19 19 44 45 29 26 24 20 17 16 14 12 11 10 10 11 11 42 43 34 31 28 17 9 9 12 12 12 21 14 11 10 9 7 6 5 6 5 5 5 5 6 5 4 4 4 
 50cm 11 24 23 22 22 22 22 22 21 43 44 38 29 28 26 22 19 16 13 12 11 11 12 12 42 42 42 32 27 22 9 10 13 12 10 41 41 11 9 8 7 5 5 5 4 4 4 4 4 4 4 4 4 
 60cm 12 27 27 26 26 26 26 26 26 41 42 42 34 33 32 30 28 24 18 16 15 15 16 15 40 41 44 42 31 28 9 10 8 6 34 38 37 35 26 24 22 17 15 15 13 13 13 12 12 11 11 11 11 
 70cm 11 22 21 21 21 21 21 21 21 42 42 42 35 30 29 28 28 25 21 18 17 16 17 16 41 41 42 41 34 32 12 13 35 22 36 36 36 36 27 26 25 21 19 19 16 15 14 14 13 13 13 13 13 
 80cm 11 18 18 18 18 18 18 18 18 43 44 44 44 32 27 26 27 25 23 21 19 18 18 17 43 44 43 42 30 29 11 11 37 29 37 38 37 37 28 26 26 24 23 24 20 18 16 16 15 15 14 14 14 
 90cm 10 15 15 14 15 15 15 15 15 43 43 44 44 44 29 27 28 27 26 24 23 22 21 20 43 44 44 43 30 27 10 11 39 39 39 40 39 39 39 33 32 30 29 31 28 27 24 23 22 21 20 21 20 
 100cm                                                          
Total SWC 122 216 206 194 192 200 215 198 188 370 367 331 304 269 223 203 204 180 149 139 127 125 145 131 334 334 322 298 240 187 113 114 209 178 231 280 268 227 187 172 163 138 131 147 118 137 116 102 129 101 102 98 96 
∆S  -95 10 12 2 -8 -15 17 10 -182 2 36 27 35 46 20 -2 24 31 10 12 3 -21 14 -203 0 11 25 58 53 74 -1 -95 31 -54 -49 12 41 39 15 9 26 7 -16 30 -19 21 14 -26 27 -1 4 2 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  18 0 0 0 1 0 0 0 117 0 0 0 0 0 0 0 0 0 0 0 0 0 0 49 0 0 0 0 0 0 0 50 0 18 22 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 
ET  0 12 15 5 0 12 21 15 0 14 40 54 39 54 24 0 26 31 33 23 14 21 14 0 16 296 26 78 87 194 0 0 39 0 0 22 47 43 18 14 27 7 0 30 11 25 18 0 32 14 4 8 
Ave. ET/day   0 1 3 1 0 2 3 2 0 3 6 6 6 8 8 0 4 5 4 3 2 2 2 0 2 5 4 5 2 3 0 0 5 0 0 2 4 6 2 2 3 1 0 4 2 4 3 0 4 2 1 1 
ΣET  0 12 27 32 32 45 65 80 80 94 135 189 228 282 306 306 331 363 396 419 433 454 468 0 16 311 337 415 502 696 0 0 40 40 40 62 108 152 169 184 211 218 218 248 259 284 302 302 334 349 352 360 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: GIIK69 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          









      
42 21 18 19 38 Loam 
 2013 Wheat   2034.7 4.3 6.0 50-100 1376.5 69 B 
100-
200 
4.9 5.7 154 80.0 - - - - - - - - - - - - - - - - 51 11 8 8 10 10 39 16 44 47 16 19 19 35 Loam 
 2014 Lupines  - - - 100-150 1446.0 69 C 
200-
300 
5.1 6.2 110 73.5 - - - - - - - - - - - - - - - - 57 11 6 5 8 8 43 14 43 38 16 26 20 42 Loam 
               150-200 1523.3 69 D 
300-
450 
5.4 6.8 123 63.6 - - - - - - - - - - - - - - - - 58 20 11 6 6 6 64 12 24 49 20 15 16 35 Loam 
               200-250 1564.8                                                                             
               250-300 1568.0                                                                             




Table A-77. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the LWCW sequence under CT. 
 
Table A-78. Individual soil water balance data for the second replicate site of the LWCW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 80                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 5 19 15 14 14 18 24 19 16 31 28 26 24 18 14 12 25 8 4 6 4 9 10 4 34 28 26 15 17 5 18 16 35 31 33 34 34 32 25 20 17 14 18 34 13 35 20 13 33 16 27 16 14 
 20cm 19 39 34 29 28 32 37 31 27 41 40 37 37 30 25 20 19 15 12 12 11 12 21 14 40 39 39 27 29 19 17 16 29 27 28 30 31 29 22 18 16 14 13 23 13 29 17 12 28 12 17 13 12 
 30cm 19 37 34 30 28 31 34 29 27 38 38 35 34 29 24 21 18 17 14 13 13 13 17 15 40 39 39 31 31 21 11 13 20 18 19 33 20 11 13 13 12 10 9 10 8 11 10 8 12 7 6 6 6 
 40cm 9 28 26 24 23 24 25 24 22 38 40 31 28 25 22 19 16 14 11 11 10 11 12 12 41 40 38 33 31 18 15 15 22 20 21 46 47 12 15 18 21 16 15 16 13 13 13 11 11 9 8 8 8 
 50cm 13 42 41 40 38 39 40 39 41 48 48 45 44 43 41 39 36 33 26 26 24 24 26 25 48 47 48 47 45 33 10 11 15 14 14 46 46 37 36 39 42 40 40 43 40 41 40 35 34 29 27 26 26 
 60cm 14 35 35 33 33 35 33 32 34 41 45 41 40 40 38 38 38 36 32 30 29 29 29 28 44 44 46 45 42 29 7 8 11 11 11 46 47 34 28 29 33 38 41 45 43 46 44 39 36 27 23 23 22 
 70cm 13 24 24 24 24 24 24 23 24 43 43 39 36 36 35 35 35 32 29 28 26 26 26 25 40 40 42 40 38 29 10 11 16 15 17 45 45 44 25 25 26 33 39 44 44 46 44 43 40 28 24 23 22 
 80cm 16 25 28 28 29 29 29 28 30 44 44 44 41 40 40 40 40 39 35 34 32 32 32 31 43 43 43 44 42 36 8 8 10 11 15 44 44 43 28 26 26 29 34 41 43 45 44 44 41 31 26 25 24 
 90cm 15 17 24 24 24 25 25 24 25 44 44 44 36 35 34 34 35 34 32 30 29 29 30 29 43 42 42 40 36 29 8 9 9 10 43 42 43 42 39 30 29 29 31 38 41 43 42 44 41 34 28 27 26 
 100cm 15 20 25 24 25 25 25 25 24 43 43 43 36 35 34 34 35 34 33 31 30 31 31 30 44 43 43 41 35 29 12 13 13 16 43 43 43 42 43 34 33 33 34 38 41 43 43 46 43 36 33 32 30 
Total SWC 137 286 286 271 267 281 297 275 271 410 413 387 355 331 306 293 295 261 228 221 207 216 234 215 416 405 407 363 346 250 115 120 180 172 242 410 398 326 274 250 257 257 276 331 300 353 317 295 318 231 220 199 190 
∆S  -149 0 15 4 -14 -16 22 4 -139 -3 27 31 24 26 13 -2 34 34 7 14 -8 -19 19 -201 11 -2 44 18 96 135 -5 -60 7 -69 -168 12 72 52 24 -7 0 -19 -55 31 -52 36 22 -23 87 11 20 10 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  73 0 0 0 7 0 0 0 74 0 0 0 0 0 0 1 0 0 0 0 0 0 0 48 0 0 0 0 0 0 3 15 0 34 141 0 0 0 0 1 0 18 53 0 22 0 0 0 0 0 0 0 
ET  0 2 18 7 0 12 26 9 0 9 31 59 28 33 16 0 35 34 30 25 3 22 19 0 27 282 45 38 129 255 0 0 16 0 0 21 78 56 26 0 2 0 0 31 0 40 26 4 92 26 20 15 
Ave. ET/day   0 0 3 1 0 1 3 1 0 2 4 6 4 5 5 0 6 5 4 4 0 2 2 0 3 5 6 3 3 4 0 0 2 0 0 2 7 8 4 0 0 0 0 4 0 6 4 1 12 3 3 2 
ΣET  0 2 21 27 27 39 65 73 73 82 113 171 199 233 249 249 284 318 348 373 377 399 418 0 27 309 354 392 522 776 0 0 16 16 16 37 115 171 197 197 199 199 199 230 230 270 296 299 391 417 438 453 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: GIIIK80 Crop performance In situ measurements 

































































































































































































































































































































































































































































































































































    








          
80 A 0-100 5.3 5.9 351 86.6 0.53 0.49 0.37 0.36 - 0.27 0.18 0.21 0.20 0.19 0.17 0.17 0.16 0.15 0.05 0.04 36 
 









      
35 15 23 26 39 Loam 
 2013 Wheat   4398.4 10.5 12.9 50-100 - 80 B 
100-
200 
5.3 6.0 267 75.6 0.54 0.49 0.37 0.36 - 0.27 0.18 0.21 0.20 0.19 0.18 0.17 0.18 0.15 0.04 0.04 43 
 
16 5 6 8 47 13 39 34 21 19 26 40 Loam 
 2014 Lupines  - - - 100-150 - 80 C 
200-
300 
5.3 6.3 181 82.5 0.52 0.50 0.30 0.39 - 0.31 0.17 0.25 0.16 0.22 0.15 0.20 0.16 0.18 0.03 0.03 45 
 
17 4 4 6 55 13 33 31 13 23 33 36 Clay loam 
               150-200 - 80 D 
300-
450 
5.6 6.8 192 89.1 0.52 0.53 0.33 0.47 - 0.39 0.19 0.33 0.19 0.31 0.16 0.28 0.17 0.26 0.02 0.02 43 
 
11 3 3 4 54 13 33 20 15 18 46 34 Clay  
               200-250 -                                                                             
               250-300 -                                                                             




Table A-79. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the first replicate site of the LWCW sequence under NT. 
 
Table A-80. Individual soil water balance data for the first replicate site of the LWCW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 51                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 9 17 13 10 9 12 22 14 12 23 24 17 20 14 11 10 16 10 6 8 6 9 11 5 19 20 13 8 9 12 17 17 30 26 29 29 28 22 17 15 14 12 16 28 13 29 17 12 27 14 23 15 15 
 20cm 22 30 26 21 18 23 34 23 20 34 34 26 28 22 19 17 16 16 13 14 12 17 18 12 32 29 24 20 19 22 17 17 29 26 28 29 27 21 17 15 14 13 13 22 13 25 17 14 26 16 22 16 15 
 30cm 13 24 21 18 16 18 27 17 16 28 26 20 19 17 15 14 13 13 11 10 10 10 12 10 29 23 22 20 19 19 16 17 28 25 27 28 26 21 18 16 14 14 13 14 13 18 15 14 23 15 19 15 14 
 40cm 15 24 22 20 18 22 23 18 17 28 25 22 19 19 18 16 15 15 13 12 11 11 12 11 36 25 26 24 23 22 17 20 25 24 25 25 25 22 18 16 15 14 13 14 13 13 14 14 17 14 15 14 13 
 50cm 14 23 23 22 20 23 20 19 18 30 26 23 20 19 18 17 16 16 14 13 12 12 12 12 42 26 28 27 26 24 13 14 19 19 20 21 20 19 16 14 13 12 11 12 12 11 12 12 11 11 11 10 10 
 60cm 13 20 20 20 19 22 20 19 17 38 27 23 21 19 18 17 16 16 14 13 12 12 12 12 41 26 27 26 26 24 12 14 17 17 18 20 19 18 16 14 13 12 11 12 11 11 11 11 10 10 10 9 9 
 70cm 11 19 19 19 18 20 19 19 18 42 27 24 22 20 18 17 16 16 15 14 13 13 13 13 40 26 26 26 26 24 11 12 14 13 18 34 17 16 14 13 12 11 10 11 11 11 11 11 10 10 10 9 8 
 80cm 11 20 18 18 18 17 18 19 18 41 26 23 21 19 18 17 16 16 14 13 13 13 12 13 38 26 24 24 24 23 7 8 9 9 37 37 13 13 12 12 11 10 10 10 10 10 10 10 9 9 8 7 7 
 90cm 7 29 16 15 17 16 16 17 15 41 38 20 18 17 16 15 15 14 13 12 12 12 12 12 38 24 23 23 23 22 8 9 10 15 36 34 33 17 17 16 16 15 14 15 14 14 14 13 12 12 11 11 11 
 100cm 7 38 27 25 26 25 25 25 24 39 38 28 26 25 24 23 22 21 19 18 18 19 19 19 37 32 29 29 29 28 7 7 8 36 35 35 34 13 13 13 13 12 12 12 12 11 11 11 10 9 9 8 8 
Total SWC 123 244 205 187 180 198 224 190 176 343 290 226 215 192 176 162 161 154 132 128 117 128 133 119 352 257 241 226 223 222 124 134 189 209 274 293 243 182 157 145 137 125 123 150 122 152 131 120 156 120 138 115 111 
∆S  -121 39 18 8 -18 -26 34 15 -167 52 64 11 23 16 14 1 7 22 3 11 -11 -6 14 -233 95 16 15 3 1 98 -10 -55 -21 -64 -19 50 61 25 11 9 11 2 -26 28 -30 21 11 -35 36 -18 23 3 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  44 0 0 0 11 0 0 0 102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 79 0 0 0 0 0 0 9 9 12 29 0 0 0 0 0 0 0 0 24 0 0 0 0 9 0 3 0 0 
ET  0 41 21 10 0 2 37 20 0 64 68 38 27 24 18 2 9 22 26 23 1 36 14 0 111 300 16 24 34 218 0 0 0 0 8 60 66 29 14 14 13 3 0 28 0 25 15 0 41 0 23 9 
Ave. ET/day   0 5 4 2 0 0 5 3 0 13 10 4 4 3 6 1 1 3 3 3 0 3 2 0 14 6 2 2 1 4 0 0 0 0 1 6 6 4 2 2 2 1 0 4 0 4 2 0 5 0 3 1 
ΣET  0 41 62 72 72 74 111 130 130 195 263 301 328 352 370 372 381 403 429 452 453 489 503 0 111 411 427 451 485 703 0 0 0 0 8 67 134 163 177 191 204 206 206 234 235 260 274 274 315 315 338 347 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 












Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          
51 A 0-100 4.9 5.5 335 92.8 0.55 0.46 0.43 0.32 - 0.24 0.17 0.18 0.17 0.16 0.15 0.14 0.11 0.12 0.06 0.04 62 
 









      
42 13 26 19 39 Loam 
 2013 Wheat   2832.0 5.6 8.3 50-100 1318.5 51 B 
100-
200 
4.8 5.5 180 89.4 0.49 0.46 0.38 0.32 - 0.23 0.15 0.18 0.16 0.15 0.14 0.13 0.10 0.12 0.05 0.04 64 
 
19 7 9 9 45 15 40 43 14 25 18 39 Loam 
 2014 Lupines  - - - 100-150 1367.0 51 C 
200-
300 
5.2 6.0 110 85.3 0.48 0.45 0.37 0.31 - 0.22 0.15 0.16 0.18 0.14 0.15 0.12 0.09 0.11 0.05 0.04 71 
 
22 8 8 8 48 17 35 45 14 26 15 41 Loam 
               150-200 1454.0 51 D 
300-
450 
5.4 6.3 97 74.9 0.53 0.44 0.37 0.32 - 0.22 0.17 0.16 0.20 0.13 0.17 0.11 0.10 0.10 0.05 0.04 75 
 
22 8 8 7 49 19 33 44 15 30 12 44 Loam 
               200-250 1512.0                                                                             
               250-300 1543.5                                                                             




Table A-81. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the second replicate site of the LWCW sequence under NT. 
 
Table A-82. Individual soil water balance data for the second replicate site of the LWCW sequence under CT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey 
blocks indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 70                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 16 21 15 13 12 13 21 15 14 26 26 22 22 15 12 10 23 8 5 6 5 6 8 4 29 29 29 23 18 13 19 16 26 22 26 28 29 28 20 17 17 14 16 27 15 28 27 16 27 19 23 16 16 
 20cm 22 28 24 20 19 21 30 22 21 37 39 30 30 22 18 15 20 14 11 11 10 10 14 11 38 37 34 30 28 22 22 21 25 23 25 38 19 15 12 11 10 9 8 15 9 15 13 10 15 10 14 11 11 
 30cm 18 26 26 24 23 24 31 24 22 43 44 33 31 26 21 18 16 15 12 12 11 11 13 11 41 40 38 32 28 24 18 17 20 19 24 42 41 34 30 29 27 21 18 19 18 25 23 19 27 23 24 22 20 
 40cm 13 25 25 23 24 24 28 24 21 45 46 33 29 26 21 18 16 15 11 11 10 10 11 10 42 42 45 27 20 20 19 19 18 15 40 40 39 40 36 33 30 26 23 23 21 21 23 21 29 26 23 23 22 
 50cm 11 20 21 19 20 20 21 20 18 45 46 44 24 21 18 17 15 13 11 10 9 9 10 9 44 43 44 42 24 20 16 17 41 33 38 40 40 40 41 36 34 30 26 27 23 21 22 21 31 25 23 23 22 
 60cm 6 13 18 11 11 11 11 11 11 44 44 44 43 29 26 23 20 17 14 13 12 12 13 12 43 42 42 41 34 32 20 20 43 41 41 43 43 44 44 39 38 36 34 36 32 31 32 30 34 31 29 29 29 
 70cm 12 40 42 40 26 24 24 23 24 42 42 43 43 43 28 27 26 22 18 17 16 15 17 16 43 42 42 41 33 31 11 12 41 27 28 42 41 42 42 29 28 27 26 28 26 26 26 24 24 23 22 22 22 
 80cm 9 41 42 41 40 33 32 31 31 41 41 42 42 42 37 34 34 31 25 24 23 22 24 24 43 41 41 40 36 34 15 16 39 29 37 39 39 39 39 29 28 27 26 28 25 26 26 25 23 22 22 22 22 
 90cm 11 45 46 45 44 34 33 31 31 45 45 45 45 45 45 35 35 33 28 28 27 26 28 27 49 47 47 46 42 39 12 13 41 39 40 41 41 40 41 37 23 21 21 23 21 21 22 21 19 18 18 18 17 
 100cm 9 43 44 43 43 43 30 27 26 42 42 42 42 43 41 42 31 31 29 28 27 26 28 27 45 44 43 42 43 33 16 16 43 42 42 43 43 43 43 43 40 38 38 39 37 36 37 35 34 33 33 33 31 
Total SWC 125 302 302 279 262 246 261 228 218 411 415 378 350 313 268 239 236 198 166 160 150 146 165 150 417 407 404 364 305 268 168 166 338 288 341 397 375 364 347 304 275 249 238 265 228 250 251 222 265 229 232 218 212 
∆S  -177 0 23 17 16 -15 33 10 -193 -5 37 29 36 45 29 3 38 32 6 10 4 -19 15 -266 9 3 41 58 37 100 2 -171 50 -53 -56 22 11 17 43 29 27 11 -27 38 -22 -1 29 -43 36 -3 13 7 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  100 0 0 0 0 0 0 0 128 0 0 0 0 0 0 0 0 0 0 0 0 0 0 113 0 0 0 0 0 0 0 126 0 18 29 0 0 0 0 0 0 0 25 0 0 0 0 17 0 0 0 0 
ET  0 2 26 20 23 13 36 15 0 7 41 56 40 53 33 4 39 32 29 21 16 22 15 0 25 287 42 79 71 220 3 0 58 0 0 32 16 21 45 34 28 12 0 38 8 3 34 0 41 12 13 12 
Ave. ET/day   0 0 4 3 3 2 5 2 0 2 6 6 6 8 11 1 6 5 4 3 2 2 2 0 3 5 6 5 2 4 0 0 7 0 0 3 1 3 6 5 3 2 0 5 1 0 5 0 5 2 2 2 
ΣET  0 2 29 48 71 84 120 136 136 143 184 240 280 333 366 370 409 442 471 492 508 530 545 0 25 312 354 433 504 723 3 3 61 61 61 93 109 130 176 210 238 250 250 287 295 298 332 332 372 385 398 410 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: GIIN70 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          
70 A 0-100 5.9 6.4 741 81.3 0.50 0.47 0.37 0.32 0.22 0.24 0.16 0.19 0.15 0.16 0.12 0.15 0.15 0.13 0.05 0.04 53 
 









      
43 15 21 21 36 Loam 
 2013 Wheat   2643.0 4.9 7.7 50-100 1450.8 70 B 
100-
200 
5.7 6.5 408 71.7 0.53 0.48 0.36 0.33 0.24 0.25 0.17 0.20 0.15 0.18 0.12 0.16 0.12 0.14 0.05 0.04 61 
 
19 7 9 9 44 15 41 43 11 23 23 34 Loam 
 2014 Lupines  - - - 100-150 1516.8 70 C 
200-
300 
5.9 6.9 362 78.1 0.52 0.50 0.37 0.37 0.25 0.29 0.16 0.24 0.15 0.22 0.11 0.20 0.09 0.18 0.04 0.03 62 
 
19 5 7 7 50 14 36 38 10 20 33 29 Clay loam 
               150-200 1544.5 70 D 
300-
450 
6.1 7.3 322 80.3 0.53 0.50 0.36 0.37 0.28 0.29 0.17 0.24 0.16 0.22 0.12 0.20 0.10 0.18 0.04 0.03 63 
 
20 6 6 7 53 15 32 38 11 19 33 30 Clay loam 
               200-250 1605.0                                                                             
               250-300 1597.7                                                                             




Table A-83. Crop yields, water and rainwater use efficiencies results plus all soil physical, chemical and hydraulic results recorded over 2013 and 2014 for the third replicate site of the LWCW sequence under NT. 
 
Table A-84. Individual soil water balance data for the third replicate site of the LWCW sequence under NT over the 2013 growing season, the 2013 – 2014 fallow period and 2014 growing season. Light grey blocks 
indicate the presence of a water table, red blocks shows when there were an increase in the total soil water content between two measurement dates. 
Site#: 79                      End of 2013 
season / Start 
of fallow 
    End of fallow / 
Start of 2014 
season 




Tygerhoek                                          




















































































































































































































































































































































































 10cm 2 9 6 8 8 10 18 13 11 22 21 19 21 16 12 11 18 9 5 7 5 7 11 6 21 21 13 7 8 10 20 20 32 29 31 33 32 31 24 22 20 14 17 33 13 34 19 13 30 15 25 16 16 
 20cm 14 30 25 20 20 24 34 23 20 37 35 28 33 23 18 17 17 15 11 12 10 13 20 15 36 32 27 19 20 18 22 25 33 33 33 34 35 32 28 24 22 17 15 29 15 33 20 15 30 16 21 17 16 
 30cm 23 37 35 32 30 33 39 30 26 43 40 35 37 29 24 23 21 20 17 16 15 17 24 21 42 40 35 25 26 25 21 23 31 29 30 32 26 23 22 19 17 13 12 14 12 18 14 12 16 11 11 11 11 
 40cm 22 37 35 33 32 34 38 30 27 44 42 37 32 28 24 23 22 21 18 17 16 16 20 19 44 42 39 32 31 28 17 20 26 24 26 43 43 29 29 29 28 22 20 21 20 20 21 17 18 15 15 15 15 
 50cm 22 40 37 35 34 36 39 34 30 43 43 39 33 31 27 26 25 24 21 20 19 18 20 20 44 44 41 37 35 33 16 20 26 24 26 43 43 30 30 32 33 30 30 30 29 29 27 25 23 21 20 20 20 
 60cm 19 38 35 33 33 34 37 33 31 47 47 38 34 32 29 27 26 25 23 22 20 20 22 21 47 46 47 42 40 38 16 20 26 24 27 41 42 29 28 29 31 32 33 35 35 33 29 27 24 22 22 22 21 
 70cm 18 46 46 45 43 44 46 44 44 49 49 47 45 45 44 42 41 38 33 32 30 28 31 30 50 51 52 51 49 49 14 18 25 23 42 41 42 28 25 26 28 31 33 36 35 33 28 25 23 21 21 21 20 
 80cm 15 40 36 36 36 36 37 35 36 45 46 43 39 38 38 37 37 36 31 30 28 28 30 30 46 47 49 44 42 41 9 11 13 13 44 43 44 43 12 11 13 17 19 22 22 22 16 13 12 11 10 10 10 
 90cm 21 43 42 41 40 40 41 40 41 46 47 47 44 44 44 43 44 43 40 39 37 37 39 38 48 49 49 48 46 45 9 11 13 13 43 42 43 42 27 24 24 24 26 30 31 32 30 26 23 21 21 20 20 
 100cm 21 44 44 44 43 43 43 43 44 47 48 48 45 45 45 45 46 46 44 43 42 42 44 43 49 50 51 50 48 48 12 13 14 15 42 41 41 40 41 33 32 32 35 40 42 43 41 35 32 31 30 30 29 
Total SWC 177 365 340 327 319 335 372 326 310 424 418 382 363 330 306 295 298 277 243 237 222 226 261 244 428 422 402 354 347 335 156 182 239 226 345 395 389 327 264 249 247 232 241 290 254 296 244 210 231 184 195 184 177 
∆S  -188 25 12 8 -16 -38 46 16 -113 6 36 20 33 24 10 -3 21 35 6 15 -4 -35 17 -184 6 19 49 7 12 179 -26 -57 13 -119 -49 5 62 62 15 2 15 -9 -49 36 -42 52 34 -21 47 -11 11 7 
P  77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
U  111 0 0 0 8 10 0 0 49 0 0 0 0 0 0 2 0 0 0 0 0 0 0 30 0 0 0 0 0 0 25 12 0 84 22 0 0 0 0 0 0 9 46 0 12 0 0 0 0 0 0 0 
ET  0 27 15 11 0 0 49 21 0 17 40 47 37 32 14 0 22 35 29 26 8 6 17 0 22 304 50 27 46 299 0 0 21 0 0 15 68 67 17 8 17 0 0 36 0 56 39 5 52 4 11 13 
Ave. ET/day   0 3 3 2 0 0 6 3 0 4 6 5 5 5 5 0 4 5 4 4 1 1 2 0 3 6 7 2 1 5 0 0 3 0 0 1 6 10 2 1 2 0 0 5 0 8 5 1 7 0 2 2 
ΣET  0 27 43 54 54 54 103 124 124 141 181 228 265 297 311 311 333 368 396 423 431 437 454 0 22 325 375 403 448 747 0 0 21 21 21 36 104 171 188 196 213 213 213 249 249 305 344 349 401 404 416 428 
Days after 
planting 
22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
                       0        14                        
           Laboratory analyses 








Water retention (m3.m-3) S-index Particle-size distribution (%) 
Plot name: GIIIN79 Crop performance In situ measurements 
































































































































































































































































































































































































































































































































































    








          









      
32 26 17 25 43 Loam 
 2013 Wheat   5094.2 11.2 14.9 50-100 - 79 B 
100-
200 
5.2 5.9 251 88.1 - - - - - - - - - - - - - - - - 50 9 6 5 7 8 44 14 42 36 23 17 24 41 Loam 
 2014 Lupines  - - - 100-150 - 79 C 
200-
300 
5.3 6.2 158 84.2 - - - - - - - - - - - - - - - - 52 8 5 3 5 6 46 12 42 27 21 24 29 44 Clay loam 
               150-200 - 79 D 
300-
450 
5.2 6.5 114 73.4 - - - - - - - - - - - - - - - - 47 8 6 3 3 4 57 13 30 26 18 19 37 37 Clay loam 
               200-250 -                                                                             
               250-300 -                                                                             







Spreadsheet123 in resultate 2014-12-11 19v*74c
 0 kPa(Measured values):0 kPa(Predicted values):   r = 0.0905; p = 0.4433
 Spearman r = 0.14 p=0.22
ICC(agreement)=0.040(-0.068;0.173)  ICC(consistency)=0.089(-0.141;0.310)  SEM=0.029
x=y line
0.44 0.46 0.48 0.50 0.52 0.54 0.56 0.58 0.60 0.62































Figure A-1. Correlation between laboratory measured and Saxton and Rawls predicted water retention 
results at 0kPa 
Spreadsheet123 in resultate 2014-12-11 19v*74c
 -10 kPa(Measured values):-10 kPa(Predicted values):   r = -0.4284; p = 0.0001
 Spearman r = -0.22 p=0.06
ICC(agreement)=-0.392(-0.570;-0.179)  ICC(consistency)=-0.397(-0.573;-0.187)  SEM=0.054
x=y line
0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46 0.48





























Figure A-2. Correlation between laboratory measured and Saxton and Rawls predicted water retention 
results at -10kPa 
Spreadsheet123 in resultate 2014-12-11 19v*74c
 -50 kPa(Measured values):-50 kPa(Predicted values):   r = 0.5890; p = 0.0002
 Spearman r = 0.43 p=0.01
ICC(agreement)=0.526(0.231;0.729)  ICC(consistency)=0.567(0.297;0.753)  SEM=0.022
x=y line
0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32


































Figure A-3. Correlation between laboratory measured and Saxton and Rawls predicted water 
retention results at -50kPa 
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Spreadsheet123 in resultate 2014-12-11 19v*74c
 -200 kPa(Measured values):-200 kPa(Predicted values):   r = 0.0614; p = 0.6033
 Spearman r = -0.01 p=0.95
ICC(agreement)=0.029(-0.152;0.222)  ICC(consistency)=0.035(-0.194;0.260)  SEM=0.042
x=y line
0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.23






























Figure A-4. Correlation between laboratory measured and Saxton and Rawls predicted water retention 
results at -200kPa 
Spreadsheet123 in resultate 2014-12-11 19v*74c
 -400 kPa(Measured values):-400 kPa(Predicted values):   r = 0.3332; p = 0.0055
 Spearman r = 0.26 p=0.03
ICC(agreement)=0.240(0.008;0.449)  ICC(consistency)=0.243(0.007;0.454)  SEM=0.038
x=y line
0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26





























Figure A-5. Correlation between laboratory measured and Saxton and Rawls predicted water 
retention results at -400kPa 
Spreadsheet123 in resultate 2014-12-11 19v*74c
 -800 kPa(Measured values):-800 kPa(Predicted values):   r = 0.4092; p = 0.0003
 Spearman r = 0.36 p=0.00
ICC(agreement)=0.276(0.055;0.473)  ICC(consistency)=0.319(0.099;0.509)  SEM=0.036
x=y line
0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22






























Figure A-6. Correlation between laboratory measured and Saxton and Rawls predicted water retention 
results at -800kPa 
Spreadsheet123 in resultate 2014-12-11 19v *74c
 -1500 kPa(Measured v alues):-1500 kPa(Predicted v alues):   r = 0.4924; p = 0.00001
 Spearman r = 0.43 p=0.00
ICC(agreement)=0.395(0.170;0.577)  ICC(consistency )=0.435(0.231;0.603)  SEM=0.034
x=y  line
0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20































Figure A-7. Correlation between laboratory measured and Saxton and Rawls predicted water retention 
results at -1500kPa 




Table A.85. Average pHKCl and pHH2O results for the each tillage and crop rotation treatment at every depth sampled. 
Depth (mm) Rotation 
pH KCl pH H20 






WWWW 5.06 5.72 5.84 6.37 
WMcWMc 5.37 5.45 6.09 6.07 
McWMcW 5.26 5.23 6.03 5.91 
WCWL 5.72 5.44 6.34 6.07 
CWLW 5.27 5.14 5.99 5.83 
WLWC 5.44 5.09 6.09 5.76 
LWCW 5.11 5.57 5.74 6.04 
Tillage Average 5.32 5.38 6.02 6.01 








WWWW 5.11 5.49 6.04 6.32 
WMcWMc 5.08 5.20 5.98 6.08 
McWMcW 5.18 5.10 6.07 5.95 
WCWL 5.34 5.09 6.23 5.90 
CWLW 5.10 5.14 5.95 5.90 
WLWC 5.20 5.23 6.03 6.11 
LWCW 5.05 5.26 5.78 5.96 
Tillage Average 5.15 5.22 6.01 6.03 








WWWW 5.25 5.45 6.37 6.47 
WMcWMc 5.18 5.40 6.20 6.47 
McWMcW 5.32 5.28 6.40 6.35 
WCWL 5.24 5.17 6.18 6.12 
CWLW 5.21 5.38 6.23 6.35 
WLWC 5.29 5.42 6.25 6.49 
LWCW 5.15 5.47 6.13 6.36 
Tillage Average 5.23 5.37 6.25 6.37 








WWWW 5.52 5.81 6.73 7.00 
WMcWMc 5.31 5.65 6.45 6.81 
McWMcW 5.43 5.62 6.62 6.87 
WCWL 5.31 5.23 6.44 6.33 
CWLW 5.40 5.58 6.53 6.59 
WLWC 5.52 5.71 6.59 6.94 
LWCW 5.38 5.57 6.56 6.70 
Tillage Average 5.41 5.60 6.56 6.75 
Depth Average 5.50 6.66 
Total Tillage Average 5.28 5.39 6.21 6.29 
Total Average 5.33 6.25 
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Table A-86. Average electrical conductivity results in µS.cm-1, for each tillage and crop rotation treatment in every depth 
sampled. 
Depth (mm) Rotation 
EC (µS.cm-1) 






WWWW 266.73 507.33 
WMcWMc 238.67 318.00 
McWMcW 195.77 285.00 
WCWL 277.00 293.00 
CWLW 252.33 279.67 
WLWC 286.00 310.33 
LWCW 281.33 499.67 
Tillage Average 256.83 356.14 








WWWW 205.83 379.70 
WMcWMc 155.43 169.33 
McWMcW 122.03 173.20 
WCWL 137.57 167.97 
CWLW 194.40 197.47 
WLWC 203.93 212.27 
LWCW 206.40 279.53 
Tillage Average 175.09 225.64 








WWWW 175.83 311.80 
WMcWMc 141.37 151.07 
McWMcW 110.00 126.70 
WCWL 124.00 136.57 
CWLW 169.80 149.60 
WLWC 201.60 165.83 
LWCW 140.27 210.07 
Tillage Average 151.84 178.80 








WWWW 191.27 286.07 
WMcWMc 158.23 158.87 
McWMcW 101.97 133.97 
WCWL 119.23 128.47 
CWLW 163.47 160.87 
WLWC 272.67 206.57 
LWCW 135.47 177.67 
Tillage Average 163.19 178.92 
Depth Average 171.05 
Total Tillage Average 186.74 234.88 
Total Average 210.81 
 







Table A-87. Rainfall timeline, containing the cumulative rainfall for each period studied and the for the whole research period (2013-2014) at Tygerhoek Research Farm. 
Rainfall timeline 


































































































































































































































































































































22 35 43 49 55 62 70 78 85 92 97 104 113 120 127 130 134 140 147 155 162 169 180 188 6 14 68 76 90 131 190 22 29 37 43 49 60 71 79 85 92 100 106 113 120 126 133 140 146 154 162 169 176 
Precipitation (P) 0 77 2 3 3 7 28 3 5 65 12 4 27 4 8 4 1 2 0 23 11 12 41 0 154 15 284 1 21 33 120 1 45 8 36 27 10 6 4 2 6 2 1 3 0 30 4 4 26 5 15 0 6 
Seasonal ΣP  77 79 82 85 92 120 123 128 192 204 208 236 240 247 251 252 254 254 277 288 300 341 341 154 169 454 455 475 509 629 1 47 55 90 117 127 132 136 139 144 146 146 149 149 179 183 188 214 219 234 234 240 
Total ΣP  77 79 82 85 92 120 123 128 192 204 208 236 240 247 251 252 254 254 277 288 300 341 341 495 510 795 796 816 850 970 971 1017 1025 1060 1087 1097 1102 1106 1109 1114 1116 1116 1119 1119 1149 1153 1158 1184 1189 1204 1204 1210 





Table A-88. Climate data for the 2013 and 2014 growing seasons. 
   2013 2014 
   Tx Tn Rain Tx Tn Rain 
May 
Average 22.4 8.2 1.4 21.5 9.7 1.0 
Total 693.9 253.8 42.1 774.7 347.7 32.2 
Highest 31.8 14.5 17.5 31.5 14.3 10.2 
Lowest 16.0 3.1 0.0 16.8 3.9 0.0 
June 
Average 17.7 5.4 2.7 17.8 5.3 3.7 
Total 531.9 162.6 82.0 622.1 185.1 110.2 
Highest 28.1 10.3 26.9 27.2 10.1 26.7 
Lowest 11.2 0.5 0.0 10.0 1.1 0.0 
July 
Average 17.9 5.9 1.5 17.1 5.3 0.7 
Total 555.6 184.2 45.7 530.3 165.6 20.8 
Highest 27.3 9.6 11.7 21.9 13.7 8.9 
Lowest 12.7 0.8 0.0 11.0 -0.2 0.0 
August 
Average 17.5 4.7 3.6 19.4 7.7 0.3 
Total 543.0 146.2 111.7 600.7 238.4 10.6 
Highest 28.0 10.0 36.6 27.3 14.2 3.3 
Lowest 10.3 0.5 0.0 10.9 1.9 0.0 
September 
Average 19.4 5.4 0.5 20.6 8.0 2.2 
Total 580.4 162.9 14.7 617.3 240.1 65.0 
Highest 28.5 10.0 4.3 28.6 12.7 15.7 
Lowest 11.2 0.7 0.0 13.3 2.1 0.0 
October 
Average 23.2 9.8 2.7 24.6 11.6 0.8 
Total 718.4 303.9 84.8 761.6 359.6 25.6 
Highest 29.3 17.3 23.4 35.3 16.6 11.9 
Lowest 14.5 3.6 0.0 16.9 6.2 0.0 
November 
Average 25.8 12.9 5.8       
Total 774.8 387.3 173.7       
Highest 32.9 17.2 80.0       






















































Rainfall WWWW - CT WWWW - NT WMcWMc - CT WMcWMc - NT McWMcW - CT McWMcW - NT WCWL - CT
WCWL - NT CWLW - CT CWLW - NT WLWC - CT WLWC - NT LWCW - CT LWCW - NT
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Rainfall WWWW - CT WWWW - NT WMcWMc - CT WMcWMc - NT McWMcW - CT McWMcW - NT WCWL - CT
WCWL - NT CWLW - CT CWLW - NT WLWC - CT WLWC - NT LWCW - CT LWCW - NT ΣP













































DAYS AFTER START OF FALLOW PERIOD
Rainfall WWWW - CT WWWW - NT WMcWMc - CT WMcWMc - NT McWMcW - CT McWMcW - NT WCWL - CT
WCWL - NT CWLW - CT CWLW - NT WLWC - CT WLWC - NT LWCW - CT LWCW - NT












































DAYS AFTER START OF FALLOW PERIOD
Rainfall WWWW - CT WWWW - NT WMcWMc - CT WMcWMc - NT McWMcW - CT McWMcW - NT WCWL - CT
WCWL - NT CWLW - CT CWLW - NT WLWC - CT WLWC - NT LWCW - CT LWCW - NT ΣP
Figure A-11. Rainfall, cumulative rainfall and average cumulative evapotranspiration for all 14 tillage and crop rotation treatments during the 2013 – 2014 fallow 
period. 


















































Rainfall WWWW - CT WWWW - NT McWMcW - CT McWMcW - NT WMcWMc - CT WMcWMc - NT CWLW - CT
CWLW - NT WLWC - CT WLWC - NT LWCW - CT LWCW - NT WCWL - CT WCWL - NT
Figure A-12 Average soil water content for all 14 tillage and crop rotation treatments and rainfall during the 2014 growing season. 























































Rainfall WWWW - CT WWWW - NT McWMcW - CT McWMcW - NT WMcWMc - CT WMcWMc - NT CWLW - CT
CWLW - NT WLWC - CT WLWC - NT LWCW - CT LWCW - NT WCWL - CT WCWL - NT ΣP
Figure A-13. Rainfall, cumulative rainfall and average cumulative evapotranspiration for all 14 tillage and crop rotation treatments during the 2014 growing 
season. 













































































NT - Total SWC '13





















































NT - Total SWC '14
CT - Total SWC '14
Figure A-14. Rainfall and mean soil water content of the CT and NT treatments during the 2013 growing season.  
Figure A-15. Rainfall and mean soil water content of the CT and NT treatments during the 2014 growing season. 




























































































































Days after fallow started
NT - Total SWC CT - Total SWC Rainfall CT - ΣET NT - ΣET
Figure A-16.Mean cumulative evapotranspiration of the CT and NT treatments during the 2013 and 2014 growing 
seasons. 
Figure A-17.Rainfall, soil water content and cumulative evapotranspiration of the CT and NT treatments during 
the 2013-2014 fallow period. 
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